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VoL. XXXYV. 

The Monraty Weatuer Revitw is based on data from about 
3500 land stations and many ocean reports from vessels taking 
the international simultaneous observation at Greenwich noon. 

Special acknowledgment is made of the data furnished by the 
kindness of cooperative observers, and by R. F. Stupart, Esq., 
Director of the Meteorological Service of the Dominion of 
Canada; Sefior Manuel E. Pastrana, Director of the Central 
Meteorological and Magnetic Observatory of Mexico; Camilo 
A. Gonzales, Director-General of Mexican Telegraphs; Capt. 
I. S. Kimball, General Superintendent of the United States 
Life-Saving Service; Commandant Francisco S. Chaves, Direc- 
tor of the Meteorological Service of the Azores, Ponta Delgada, 
St. Michaels, Azores; W. N. Shaw, Esq., Director Meteoro- 


MONTHLY WEATHER REVIEW. 


Editor: Prof. Cievetanp Asse. Assistant Editor: Herserr C. Hunter. 
OCTOBER, 1907. No. 10. 


logical Office, London; Maxwell Hall, Esq., Government Mete- 
orologist, Kingston, Jamaica; Rev. L. Gangoiti, Director of the 
Meteorological Observatory of Belen College, Havana, Cuba. 

As far as practicable the time of the seventy-fifth meridian 
is used in the text of the Monraty Wearner Review. 

Barometric pressures, both at land stations and on ocean 
vessels, whether station pressures or sea-level pressures, are 
reduced, or assumed to be reduced, to standard gravity, as 
well as corrected for all instrumental peculiarities, so that they 
express pressure in the standard international system of meas- 
ures, namely, by the height of an equivalent column of mer- 
cury at 32° Fahrenheit, under the standard force, i. e., apparent 
gravity at sea level and latitude 45°. 


FORECASTS AND WARNINGS. 


By Prof. E. B. GARRIoTT, in charge of Forecast Division. 


IN GENERAL. 


The general weather features of October, 1907, conformed 
rather closely to seasonal averages. Barometric pressure over 
middle and northern latitudes of the continents increased, and 
a corresponding decrease occurred in the high latitudes of the 
oceans. The second decade of the month was marked by storms 
of exceptional violence over the eastern Atlantic and western 
Europe. This stormy period culminated on the 18th, when 
barometric pressure reached a reported minimum of 28.60 inches 
at Valentia, Ireland. During the prevalence of the storms over 
the Atlantic and Europe high barometric pressure and fine 
weather prevailed over the United States east of the Rocky 
Mountains. After the 20th the movement of barometric areas 
over the Northern Hemisphere was rapid. On the Atlantic 
coast the severest storm of the third decade prevailed from 
the 28th to 30th. No well-defined storm advanced northward 
from the West Indies. The lower Lakes were visited by storms 
of notable strength on the 7th and 27th. Ample and timely 
warnings were issued in connection with all storms that visited 
the seacoasts and Great Lakes of the United States. 

The most important local storm reported for the month 
moved northeastward over Galveston, Tex., at 12:30 a. m. of 
the 30th, with a wind velocity, at the Weather Bureau station, 
of 64 miles an hour for a five-minute period and an extreme 
velocity for two minutes of 76 miles an hour. The barometer 
fell and rose .30 of aninch in fifteen minutes. Many buildings 
were wrecked, and one person was reported killed and many 
injured. 

Snow was reported in the mountains of New York and New 
England on the 20th, in upper Michigan on the 27th, and in 
the mountains of Virginia and West Virginia on the 28th. 

On the 1st, light to heavy frosts occurred in the Lake region, 
and light frost in the Ohio Valley. On the morning of the 2d 
frost was heavy in the interior of New York and New England 
and light as far south as Virginia. Heavy frost was reported 
in Kansas, Nebraska, Wisconsin, and Michigan on the 8th, and 
light frost in the Texas panhandle. On the 9th, heavy frost 
occurred in the Ohio Valley, the lower Lakes, and the interior 
of the Middle Atlantic States. The first general frost-bearing 
cool wave of the season moved from the middle Missouri and 
upper Mississippi valleys to the Atlantic coast from the 12th 
to 15th, with heavy to killing frosts as far south as the interior 
59——_1 





portions of the middle and east Gulf and South Atlantic States. 
Heavy frost occurred in the interior of the Southeastern States 
on the 22d and ‘29th, and on the latter date light frost was 
reported in the interior of northern Florida. 


BOSTON FORECAST DISTRICT. * 
[New England. } 

Monthly means did not depart greatly from October aver- 
ages. Galeson the 7—8th caused considerable damage to ship- 
ping, and a severe storm prevailed on the 28-29th. There 
were slight snowfalls in Maine, New Hampshire, and Vermont 
on the 20th.—J. W. Smith, District Forecaster. 


NEW ORLEANS FORECAST DISTRICT.* 
{ Louisiana, Texas, Oklahoma, and Arkansas. | 

October was warmer than usual with rainfall one to two 
inches above the normal. Frost warnings were issued for 
northern portions of the district on several dates, and, as a 
rule, were partially verified. No storm warnings were issued 
and no general storm occurred on the Gulf coast.—J. M. Cline, 
District Forecaster. 

LOUISVILLE FORECAST DISTRICT.* 
[Kentucky and Tennessee. } 

An almost unbroken spell of dry, pleasant weather prevailed 
from the 8th to 25th. The rainfall of the month was confined 
practically to the 3d-4th, 7-8th, and 26-27th. Normal tem- 
perature prevailed in the main, altho there were several cool 
waves. Light frost was general on the 9th, light to heavy 
frost on the 12th and 13th, and heavy frost on the 14th, 15th, 
28th, and 29th. There was also light frost in northern Ken- 
tucky on the 19th, 21st, and 22d, and in southeastern Ten- 
nessee on the 16th. Frost warnings were issued on the 8th, 
12th, 13th, and 28th.—F. J. Walz, District Forecaster. 


CHICAGO FORECAST DISTRIOT.* 
{Indiana, Illinois, Michigan, Wisconsin, Minnesota, Iowa, Missouri, 
North Dakota, South Dakota, Nebraska, Kansas, and Montana. } 
No unusual weather conditions prevailed during the month. 
No severe storms past over the upper Lakes. Storm warnings 
were issued on five dates in advance of disturbances of mod- 
erate intensity. No wrecks were reported on the upper Lakes. 
No cold wave warnings were issued.—H. J. Cox, Professor and 
District Forecaster. 
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DENVER FORECAST DISTRICT.* 
[Wyoming, Colorado, Utah, New Mexico, and Arizona. } 

Temperature was considerably above normal except in the 
southern portions of New Mexico and Arizona where there 
was a slight deficiency. Precipitation was in excess in the 
southern and deficient in the northern portions of the district. 
Frosts were frequent, but less severe than usual, and their 
occurrence was generally well covered by the warnings.—P. 
McDonough, Local Forecaster, temporarily in charge. 

SAN FRANCISCO FORECAST DISTRICT. 
[California and Nevada. } 

From the 15th to 28th showers were frequent over the greater 
portion of the district, with thunderstorms and heavy hail in 
the mountains. Rainfall was unusually heavy from San Fran- 
cisco Bay southward, but was below normal in the northern 
portion of California. No frost or storm warnings were 
issued.—(. H. Willson, Local Forecaster, temporarily in charge. 

PORTLAND, OREG., FORECAST DISTRICT.T 
[Oregon, Washington, and Idaho. } 

Except for short periods about the middle of the month and 
near the close of the second decade clear weather prevailed 
from the 2d to 25th. The last few days of the month were 
stormy. Frost was frequent east of the Cascade Mountains.— 
L. Lodholz, Local Forecaster. 


RIVERS AND FLOODS. 
River matters continued without special feature thruout the 
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month. The heavy rains of the 3d and 4th in Texas caused 
rather rapid rises in the Trinity, Brazos, and Colorado rivers, 
necessitating advisory warnings; but flood stages were neither 
anticipated nor reached, and no damage was done. There 
was also a sharp rise of several feet in the Guadalupe River of 
Texas during the last two days of the month, advices regard- 
ing which were distributed on the 30th. There were heavy 
rains over the valley of the Connecticut River on the 28th and 
29th, and by the morning of the 29th the river was rising rap- 
idly. Warnings for flood stages from Hartford to Long Island 
Sound were issued on the 30th, and on the morning of the 
3lst the stage of the river at Hartford was 17.3 feet, 1.3 feet 
above the flood stage. Considerable inconvenience resulted, 
but no great damage was done. 

The highest and lowest water, mean stage, and monthly 
range at 202 river stations are given in Table VI. Hydro- 
graphs for typical points on seven principal rivers are shown 
on Chart I. The stations selected for charting are Keokuk, 
St. Louis, Memphis, Vicksburg, and New Orleans, on the Mis- 
sissippi; Cincinnati and Cairo, on the Ohio; Nashville, on the 
Cumberland; Johnsonville, on the Tennessee; Kansas City, on 
the Missouri; Little Rock, on the Arkansas; and Shreveport, 
on the Red.—H. C. Frankenfield, Professor of Meteorology. 








* Morning forecasts made at district center; night forecasts made at 


Washington, D. C. 
+ Morning and night forecasts made at district center. 


SPECIAL ARTICLES, NOTES, AND EXTRAOTS. 


HIGHEST KITE FLIGHT AT MOUNT WEATHER, VA. 

[ By permission of the Chief of Bureau and thru the kindness 
of Prof. W.-J. Humphreys and Dr. W. R. Blair, we are enabled 
to print this report on the kite flight on October 3, 1907, the 
“international date ”, when the altitude above sea level reached 
by the leading kite and the meteorograph is: believed to be the 
greatest yet attained in any kite ascension. The flight began 
at 7:00 a. m., and ended at 11:04 p. m.} : 


Kite flight of October 3, 1907 (international date ). 


Surface conditions (at Mount 


Weather, 1,725 feet above sea Conditions aloft. 
level). 
Time. , — a i « Clouds. 
z Ss | ss EF SZ 
Be A 3a |38 | 35 Sa 
a. = 2S os - = 2s 
ria | fe 1 se cst! gf de 
o | — ou = > cy — Se 
- | @ Ae | pe wae- = ae 
| 
op | Per et. m, p. h. Feet. oF. 
7:00 a.m.....| 62.7 78 OW. 17 1,725 62.7 | w. 
7:21 a. m..... | 64,2 7% w. 16 2, 524 67.5 | wnw. dci. w. 
8:30 a.m.....; 68.0 6 Ww. 4 2, 980 71.8 | nw. byw. 
| 1 ci.-s. w 
10:16 a.m..... | 71,0 62 ow. 13 4, 906 62.4) w. 1 a.-cu. nw. 
| | i cu. w. 
bn . | - we . ‘1 a.-cu. nw. 
12:30 p. m..... 72.5 6 Ow. 10 7,472 19.8 | wesw. $9 aon, Waw. 
1:27 p,m.....| 74 | OW. 8 10, 376 39.7 | w. by n. — mn 
. | on > P _ s2a.-8. wow, 
2:58 p.m... 74.5 62 s. 9 14, 606 33.1 nw. byw. Sa-cu w. 
_ ‘ 3 a.-s. ; 
S44 p.m.....| 78.5 62s. 7/ 16,73) 24.1] wow. fo a0 woe 
4:40p.m.....) 72.7 62 8. 8 19,198 14.7 | wow. 
5:38 p.m.....) 71.4 | 63 | sw. 9 21,973 + 1.8) wow. 
6:05 p. m..... 70.0 65 8. 10 23, 110 5.4) wow. 2a.-8. wnw. 
7:57 p.m.....| 70.4 62 sw. 11 21,116 + 6&1) ww. 
8:40 p.m... ... | 70.9 61 sw. 12 18, 710 13.3 wnw. clear sky. 
9:18p.m...../ 71.0 Oi sw. | 13 12, 667 30.6 w. 
10:12 p.m.....| 70.0 59 osw. 13 7,491 50.5 wesw. 
10:34 p.m....., 70.0 58 sw. 12 5, 733 57.2 wesw. 
10:50 p. m..... 70.5 58 aw. 13 8, 836 63.7 wesw. 
11:04 p. m..... 70.3 55 aw. 14 1,73 70.3 | sw. 


Notes.—Cumulus cloud elevation at 1:53 p. m. about 6,500 
feet, one cloud passing under fourth kite. 

Pressure at maximum altitude, 12.56 inches. 

The flight was made with eight kites, having a combined 
lifting surface of 505 square feet. Four kites, 2,500 feet apart, 
were placed at the upper end of the line, and, beginning at 
18,500 feet, four more, about 5,000 feet apart, were added. 


Wire out at maximum elevation was 37,300 feet; maximum 
wire out was 38,500 feet. The length and size of the piano 
wire used for the line was as follows: 


Diameter. Length. 
Inch. Feet. 
.036 2,500 
.028 5,000 
.032 11,000 
036 20,200 


The barometer was high over the Carolinas and low over 
the upper Mississippi Valley.—W. 2. B. 


INTERCONVERSION OF CENTIGRADE AND FAHREN- 
HEIT SCALES. 


By F. K. Fereuson, Superintendent of Schools. Dated Paola, Kansas, November 23, 1907. 
I notice in the February, 1907, number of the Monrutry 
Wearuer Review, an article on pages 62 and 63 entitled “ Inter- 
conversion of centigrade and Fahrenheit degrees.”’ I was 
much interested in the article, as I have invented a method of 
interconversion of these scales which, laying aside the ques- 
tion as to whether it is easy to “divide by 5 and multiply 
by 9,” is a very easy rule to remember. The difficulty is not 
so much the dividing by 5 and the multiplying by 9 as it 
is to remember, on the spur of the moment, whether we add 32 
and then take % or take $ and then add 32; or whether we 
subtract 32 and then take } or take § and then subtract 32. 

The following are my rules: To convert Fahrenheit reading 
to centigrade reading—to the Fahrenheit reading add 40, take 
§ of the sum, and then subtract 40. To convert centigrade 
reading to Fahrenheit reading—to the centigrade reading add 
40, take 2 of the sum, and then subtract 40. Or by formulas: 

C. = 3 (F.+ 40) — 40. 
F. = ¢ (C.+ 40) — 40. 

You see this method is simple and easy to remember, for in 
each case the process is exactly the same, excepting the frac- 
tions § and %. But it is quite easy to remember which frac- 
tion to use in the given case; for if it is Fahrenheit reading 
that you have, the centigrade for which you are figuring is to 
be a smaller reading; hénce use the smaller fraction, }. Like- 
wise when you have centigrade and are figuring for Fahren- 
heit, use the fraction ¢. 
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STUDIES OF FROST AND ICE CRYSTALS. 
By Witson A, Bentiey. Dated Jericho, Vt., May 28, 1906. Revised July, 1907. 
( Continued from September Review. ) 
(36) Type WLF. Solid lamellar crystals. 

Crystals of this type, like the preceding, form upon tiny ice 
or frost particles on the window glass, and grow detached 
from the glass, except where their nuclei are in contact with 
it. They develop in the form of thin hexagonal lamine, or 
plates, growing in practically the same manner and under the 
same general conditions, except at somewhat colder tempera- 
tures, that prevail during the formation of crystals of type WSE; 
and are like them a type of indoor hoarfrost. They grow in a 
slow and intermittent, rather than in a continuous manner, 
and preserve the plain hexagonal form intact, except possibly 
at brief intervals, when new additions begin to grow outward 
from each of the six corners of the lamellar hexagons. 

Perhaps the most interesting features about them are the 
systems of lines and shadings that thread their interiors, due 
to included air. These have a similar aspect and arrange- 
ment to those that occur within many solid tabular snow crys- 
tals. In some cases they even possess delicate circular lines 
encircling nuclear portions corresponding to those which 
occur within certain types of snow crystals, and which Mr. 
A. W. Waters called “meandering lines”. They differ, how- 
ever, in most cases from solid tabular snow crystals in this, 
that the air tubes and shadings within them, going to form 
their interior structure, lack the perfect symmetry of arrange- 
ment of the similar features that occur within the snow crystals. 

Yet in some cases almost perfectly symmetrical solid tabu- 
lar hexagonal structures are built up around such imperfect 
nuclei or nuclear portions. No. 171 is a case in point, and it 
will be noted how closely this one and No. 180A resemble 
some of the solid snow crystals. 

The series of photographs, Nos. 32, 53, 58, 59, 117, 129, 171, 
and 180A, portrays typical and fine examples of this type of 
window-frost crystals. Photograph No. 180 B shows a beauti- 
ful group of such crystals. Among the more interesting speci- 
mens of this series is No. 180A. It shows two crystals, one 
of them a very interesting “twin” crystal. No. 129 shows 
two solid tabular crystals lying so close one to another that it 
is very likely that could they but have grown a little longer 
they also would have united and formed a twin crystal similar 
to the one in No. 180A. Itis interesting to note that the out- 
lying portions and segments of each of these crystals grew 
much faster and to a greater size than did the segments of 
each that lay closest to the neighboring crystal. The photo- 
graph No. 117, showing tiny, solid hexagonal crystals clus- 
tered around a window-frost crystal of type WFC, is of very 
great interest as showing how in some cases changes in tem- 
perature and humidity cause certain types of crystals to cease 
to grow, and cause crystals of another and opposite type to 
form and grow around them. In this case the tiny, outlying, 
solid, hexagonal crystals formed in a much colder, and pre- 
sumably somewhat drier atmosphere than that in which the 
curving nuclear crystal was formed. 


(87) Type WCG. Columnar forms. 


This type of window frost occurs in the form of short, square- 
ended hexagonal columns. They correspond to the solid, hex- 
agonal, columnar forms of snow and hoarfrost crystals, but 
unlike them they form in such a way, with one of their sides 
in contact with and attached to the window glass, that they 
rarely grow in the form of complete hexagonal columns, but 
in most cases in segmental form only; i. e., so as to resemble 
solid columns bisected longitudinally. They are very cold- 
weather types and form only in cold rooms, and in a very cold 
atmosphere. In many cases crystals of this type form-when 
the outdoor temperature ranges from —10° to —30° F., and 
the indoor from 15° F. downward. They are rarely found dis- 
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tributed evenly over the whole surface of a given windowpane, 
but usually occur in clustered array upon some one or more 
local portions only. In many cases they occur associated 
together upon the same pane of glass with types WSE and 
WLF. They are usually quite small in size, and evidently 
belong to the class of crystals that grow slowly, and that form 
freely only within a very cold and somewhat humid atmos- 
phere. Within the coldest of my rooms they formed most 
freely at humidities of 83 to 86 per cent, and within the warmer 
rooms only when the relative humidity exceeded 60 per cent. 
Photograph No. 156 shows a group of such crystals, while 
No. 157 shows some of them viewed endwise. The latter are 
magnified much less than the former. 

It is of interest to note that the interior structures of such 
crystals and the figures outlined therein closely resemble 
those that occur within the solid tabular snow crystals. The 
writer’s photographs of solid columnar snow crystals, repro- 
duced in the memoir “Studies among the snow crystals, winter 
of 1901-2”’,° exhibit sets of shadings and figures that resemble 
those within solid columnar window-frost crystals. The 
splendid and correct drawings of solid tabular snow crystals 
made by Mr. A. Dobrowolski, member of the Belgica Antarctic 
expedition, and published by him in his very interesting and 
richly illustrated work, entitled “La Neige et le Givre’’, also 
show structures and sets of interior figures that resemble 
those within solid columnar window-frost crystals. 


(38) Type WOH. Open-structure forms. 


It has proved impossible to find a word that will convey an 
impression of the forms of this singular type of window frost. 
It possesses primary and many tiny, slender secondary rays, 
and the whole is so arranged as to outline open hexagonal 
and other figures. The secondary rays usually project from 
the primary ones at angles of 60°. This type of crystal also 
is common only to cold rooms, and to medium and low tem- 
peratures. It is often found associated with types WSE, WLF, 
and WBB. 

Photographs Nos. 86, 120,121, 127, and 132 will serve to 
give a much more correct idea of this odd type of crystal than 
words can convey. This type and also type WFJ seem to be 
common only to quite humid atmospheres, for they formed 
not at all within the least humid of my several rooms. They 
seem to form most freely at relative humidities of 55 to 65 
per cent. 

(39) Type WTI. Tooth-shaped crystals. 

This type of crystal, as its name implies, assumes tooth-like 
or spike-like forms. It forms only within cold rooms and under 
practically the same conditions, temperatures, etc., as prevail 
during the formation of types WLF, WCG, WSE, and WMD, 
with which it is often found associated. Nos. 32 and 58 B con- 
tain specimens of the tooth-like crystals and No. 59 of the 
long spike or rod-like forms. 

(40) Type WFJ. Fibroid crystals. 


Window-frost crystals of this type consist of a vast number 
of slender, curving or straight, icy fibers lying close together 
or in partial contact one with another and all lying in the same 
general direction, as shown in photographs Nos. 28 A and 28 
B. They form within relatively warm rooms and perhaps most 
often when a rapid and considerable fall in outdoor tempera- 
ture is in progress. They seem to be common only to quite 
humid atmospheres, possessing a relative humidity of from 60 
to 90 per cent, and to relatively mild temperatures (from 30° 
to 15° F. indoors). 





This closes our mention of special types of window-frost 
crystals; yet there are others that are perhaps entitled to be 
considered distinct types. Those shown in photograph No. 


5See Monthly Weather Review, Annual Summary, 1902. 
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166, for instance, are a case in point, but space forbids further 
mention of particular types, except the one next to be consid- 
ered. 

(41) Type WGR. Granular window frost. 

This type of frozen “granular dew-like” frost, if such it 
may be called, is of a noncrystalline character and is of very 
common occurrence. It is peculiarly the product of a very 
humid atmosphere and is most common to warm, artificially 
heated rooms. It consists, as first formed on windowpanes, of 
countless myriads of tiny, microscopic, liquid water particles 
crowded together upon the glass. In mild winter weather 
they may retain that liquid character for hours together, but 
during cold weather the tiny dewdrop-like liquid particles are 
frozen once they touch the glass and converted into tiny, 
rounded, icy granules thereon. (In rare cases the granules 
assume a more definite crystalline form.) The individual gran- 
ules as deposited at the first stage vary in size from perhaps 
rhy to yhy of an inch in diameter, and lie for the most part 
near to, but slightly apart from, one another. Commonly the 
granules retain their original size and form only a short 
time, because deposits of moisture like themselves form upon 
and attach themselves to them, augmenting their size until 
eventually all, or nearly all, merge together and form a thin 
but continuous film of granular ice. This is its second stage 
of formation. 

(42) Rapidity of formation. 

Unlike true frost crystals, which usually form and grow 
slowly, granular window-dew frost often forms very rapidly; 
and in many cases, as during zero weather or when for any 
cause the air in immediate contact with the glass is momem- 
tarily made more humid, it forms in instantaneous order. 

(48) Experiments in formation and repulsion of window frost. 

During zero weather most interesting experiments may be 
made by placing a lighted lamp close to a frosted windowpane 
and allowing it to remain until a large space at the center of 
the glass is made dry and free from moisture or water film. 
Around this dry space a film of water should be left upon the 
glass for window-ice crystals to form in. When the lamp is 
removed window-ice crystals begin to form around the outer 
edges of the water film and to shoot inward. They cease to 
grow where the edge of the space of dry glass is reached. 
Soon tiny true frost crystals of types WLA and WBB form 
upon certain lower outlying positions of the central dry glass 
space. Small patches of granular-dew frost, type WGK, soon 
form and occupy the dry spaces of glass lying around, but not 
in the immediate vicinity of, the true frost crystals. The latter 
seem to repel the tiny dew-like water particles while they are 
in the liquid state and thus prevent them from approaching 
close to the true crystals; hence a space of unoccupied dry 
glass is left immediately around such crystals. True frost 
erystals soon form a little above the upper limits of the granu- 
lar-covered glass spaces, and are soon in turn once more suc- 
ceeded by the formation of granular patches around and above 
them; and these processes are repeated in alternate order until 
the whole central dry glass space, except those portions lying 
immediately around the true frost crystals, is completely cov- 
ered. Ofttimes, as the phenomenon proceeds, deposits of the 
granular-dew frost will flash forth in instantaneous order upon 
the glass and instantly cover relatively large glass spaces. 

(44) Photographs of phases of repulsion. 

The above described repulsion phenomenon is of such interest 
as to have induced the writer to secure a large set of photo- 
graphs showing the various phases and stages of the phe- 
nomenon, and the diverse ways in which it manifests itself. 
The following photographs best show this phenomenon of re- 
pulsion: Nos. 48, 100, 103, 106, 107, 108, 122, 125, 128, 144, 
148. Nos. 17, 80, and 81 are highly magnified photographs, 
showing the forms and arrangement of the individual particles 
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or granules of which type WGK is composed. Photographs 
Nos. 128 and 144 show sections of granular films, but slightly 
magnified. Nos. 100, 106, and 144 exhibit the potency and in- 
tensity of this repulsion phenomenon, and the relatively con- 
siderable distances from the crystals at which it manifests 
itself. It will be noted that in these cases it extended out- 
ward upon the glass over a region double or treble that of the 
diameters of the crystals that exerted it. Excessive humidity 
particularly overcomes the influence and potency of the re- 
pulsion agencies, and under such conditions the dew-like 
granular-frost particles are from the very first forced, as it 
were, to approach more closely to the true frost crystals than 
is the case under less excessive conditions of humidity. When 
such excessively humid conditions continue for a long time 
granular dew-frost particles are forced to form and to ap- 
proach progressively nearer and nearer to, and at last to 
unite with, true frost crystals. For further mention of this 
phenomenon, and of its probable cause, see section 29. 
V.—WINDOW-ICE CRYSTALS IN GENERAL. 
(45) Conditions of formation. 

Under this title are grouped the various forms of so-called 
window frost that develop within a very thin film of liquid 
water on the windowpanes within dwellings, offices, etc., and 
that are cases of true ice crystallizations. 

Window-ice crystals are of very frequent occurrence and 
assume exquisitely beautiful and varied forms. Countless 
windowpanes in northern climes are beautified thereby in 
wintertime, hence their forms and many varied charms must 
have been made familiar to nearly every one. They are very 
noticeable because of their large size and feather-like forms. 
The only condition essential to the formation of window-ice 
crystals is that there be a film of liquid water upon a window- 
pane, and that the outdoor temperature be at some point be- 
low the freezing point of water. The size of individual win- 
dow-ice crystals depends upon and is limited only by the area 
of glass surface covered by such water film, and the time that 
a single crystal can develop unimpeded therein, i. e., without 
meeting other growing ice crystals progressing in opposite 
directions. 

(46) The types and method of formation. 


Two types of window-ice crystal occur in nature. The crys- 
tals of one of these types grow in the form of feathers and 
feathery plumes, and because of this the type has been called 
the “feather form” of window-ice crystal; while the other or 
opposite type grows in the form of delicate branching twigs 
or trees, and hence is called the “arborescent’” type or form. 
The crystals of the former type are perhaps of most frequent 
occurrence, and are much more striking and prominent than 
are those of the opposite type. 

The feather-form crystals possess both primary and second- 
ary rays, while arborescent crystals lack such primary rays, 
and consist of secondary rays only. In the case of feather- 
form crystals the primary ray or quill comes slightly first in 
the order of formation, and hence always extends slightly in 
advance of the secondary rays; and the latter grow outward 
in general at angles of 60° from the primary ray; and in gen- 
eral both primary and secondary rays grow outward in straight, 
or but slightly curving fashion. But in the case of the arbor- 
escent crystals each of the many secondary rays of which they 
are composed grows onward independent of the others, in a 
sinuous and meandering, rather than straight or gently curv- 
ing, manner. Their respective and differing manners of 
growth would seem to suggest the idea that the feather form 
is the result of a relatively powerful and well-defined crys- 
tallic tendency, directed forward regardless of obstacles, in 
straight or but slightly curving manner, whereas the opposite 
branching type is the result of a much feebler, or at least 
more diffused, crystallizing tendency, directed also forward, 
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but in so feeble a manner, that each separate crystallic ray is 

deflected and must pick its way around, instead of passing 

straight over, the many tiny obstacles encountered in its path. 
(47) Habits of formation. 

Window-ice crystais in general seem not to repeat or dupli- 
cate the forms assumed at a given time, or at least do so only 
after long intervals of time, when perhaps identically the same 
conditions that produced a given design repeat themselves. 
They form within thin films of water rather than, as in the 
case of the window-frost crystals, directly upon the dry glass; 
and hence are much less influenced by scratches or other 
features of the glass plate than are the latter. 

Other conditions being the same, crystallization within thin 
films of water, spread evenly upon windowpanes, will occur first 
upon the colder portions of the glass. Subsequent develop- 
ment and habits of growth are doubtless greatly determined 
by relative temperatures and by variation in the thickness of 
the water film. In the case of feather-form crystals, curving 
habits of growth are doubtless in many cases induced as a 
result of their endeavors to grow away from neighboring crys- 
tals, or to seek out and grow toward the cooler regions on the 
glass, or to avoid the warmer ones. 

(48) Factors determining type. 

In the case of window-ice crystals, the factors that determine 
the type and form are as yet but partially known. Both 
types of crystals grow side by side upon the glass. Yet it 
frequently happens that, for some inscrutable reason, one type 
will suddenly cease to grow, and be succeeded by the opposite 
type. The line of demarcation between the one and the other 
type is always sharp and well-defined. Possibly the following 
may be determining factors: 

1. Thickness of the water film. 

2. Variation in the thickness of the window glass, and— 

3. Consequent variation in the temperature of its different 

portions. 

4. Condition of the water film, whether continuous or 

broken. 
(49) Development of window-ice crystals. 

Ice crystals as first formed, or in the first stage of existence, 
are very thin and transparent. At this stage they are quite 
difficult objects to photograph. During extreme cold, or 
under the influence of a rapid and continued fall in tempera- 
ture, they become progressively thicker and more opaque, and 
are easily photographed. The moisture that collects upon 
them, once they are organized, is largely of a subcrystalline, 
or granular dew-like character, and merely increases their 
thickness and opacity, without altering their type. 

Singularly enough, the feather form, IFA, and the branch- 
ing form, IAB, of window-ice crystals, do not grow or increase 
in thickness and opacity in the same ratio; the former grows 
much the faster. During intense and long continued cold, the 
feathery crystals often increase in thickness to such a degree 
as to represent a third stage, when they stand out in relief 
from the branching designs, resembling beautiful sculptured 
scroll work wrought in alto-rilievo. 

In somewhat cold but moist rooms, as within barns and 
mountain observatories, the development of window-ice crys- 
tals often proceeds to yet another or fourth stage, in that 
it is superseded by a species of hoarfrost crystallization, due 
to the formation of columnar or solid tabular hoarfrost crys- 
tals upon the surface of a thick opaque window-ice film. Such 
crystals develop, in perpendicular fashion, outward from the 
glass or normally to the ice film. 

VI.—CLASSIFICATION OF WINDOW-ICE CRYSTALS. 
(50) Type IFA. Feather-form crystals. 

We have secured a large number of photographs of these 
beautiful crystals and have selected the following numbers 
from among them for illustrative purposes: 
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Nos. 49, 50, 51, 52, 62, 63, 66 A, 68 A, 68 B, 72, 74, 75, 78, 79, 
82, 83, 88, 89, 91, 92, 93, 101, 113, 133, 134, 135, 136, 138, 139, 
140, 142, 150, 151, 152, 164, 182, 183, and 189. Many of these 
are greatly reduced in size, while many others are magnified 
a few diameters. Some few sections are highly magnified. 

(51) Stages of growth. 

Nos. 49 and 62 show the crystals during their first or 
skeleton stage of formation; Nos. 133, 135, 186, 138, and 139 
show the second stage, and the manner in which the spaces 
between the first or skeleton branches are filled in by subse- 
quent growth; while Nos. 66 A, 68 A, 68 B, 72, 88, 134, 140, and 
142 show the third stage of formation, and the thick coat of 
suberystalline frost-ice, or granular dew-like window-frost, 
type WGK, that collected on them as the result of their being 
subjected for some time to a very and increasingly humid 
atmosphere, due in part to a rapid and considerable fall in 
outdoor temperature, and in part to steaming kettles indoors. 

(52) Special cases. : 

Many of the photographs of the feather form of window-ice 
crystal are of great interest and deserve especial mention. 
No. 62, for example, is among these. This photograph is 
not, as might be readily supposed, a railroad map, but a, 
highly magnified section of a window-ice crystal. Yet the in- 
visible, but potent, something that we blindly call crystallic 
impulse, or tendency, which traveled along those tiny crys- 
tallographic main lines, is perhaps just as wonderful in a 
way, if viewed from an atomic or molecular standpoint, as 
are the ponderous engines of human construction that thunder 
along the railroad lines represented upon actual railroad maps. 
We can but wonder whether those mysterious inter-atomic 
forces, or agencies, that traveled along those tiny microscopic 
lines, constructing them as they went along, pulled molecules 
and atoms along with them to build up those complex struc- 
tures; or whether they drew such from either side; or indeed, 
whether they did not in fact push atoms and molecules to one 
side as they past along. 

No. 74 also is a highly magnified section of window-ice 
crystal, type IFA, but in this case crystallic lines are much 
broader and possess scalloped or rounded, instead of straight, 
edges, as tho tiny atmospheric or liquid whorls aided in 
the building of them. - 

In No. 189 the secondary branches are seen growing and 
projecting perpendicularly to the primary quill ray. This 
arrangement is somewhat unusual. Nos. 79,88 and 93 are 
fine and instructive examples of further magnified sections of 
feather-form crystals. 

Nos. 136, 138, 139, and 140 are most strange and rare speci- 
mens of beautiful feather-form window-ice crystals. They 
somewhat resemble in form sections of evergreen vine. They 
formed during sunny zero weather, on a calm afternoon 
(January 5, 1905), just preceding the terrible hurricane 
wind of January 6, 1905. Possibly a brief statement of the 
general conditions that favored their formation may be of 
interest. The windowpane whereon they formed had a 
southern exposure, but an adjoining building to the west- 
ward gradually cut off the sunlight during the afternoon, 
leaving it in shadow. This was done in such a way that the 
sunlight was shut off from the western edge of the window 
first, and the eastern edge last, hence the region of shade 
gradually extended across the window from west to east, and 
of course this operated to cause the western edge of the win- 
dowpane to cool off first. As a result, window-ice crystals 
formed first within the water film covering the western edge 
of the windowpane, and slowly progressed from west to east, 
and in horizontal order, across it. Had the window pane been 
of a more equal temperature thruout, and as cold at its 
eastern as at its western edge, window-ice crystals would have 
formed as quickly at the eastern edge of the pane as at the 
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western, and hence have developed outward therefrom, and 
have met and thus interfered with the complete development 
of the crystals under consideration. Many long, slender, 
feathery window-ice crystal plumes doubtless owe their origin 
to causes similar to those just set forth. Long feathery 
plumes that form at the bottom of windowpanes and develop 
upward along the central regions of the glass, are cases in 
point. In this case they form first upon the colder (lower) 
portions of the glass, and progress upward toward the warmer 
portions, but enter these only after the glass has become 
cooled by exterior cold to a point that favors their develop- 
ment thereon. 

The crystals Nos. 136,138, and 140, previously mentioned, were 
of large size and magnificent proportions. Our photographs 
show them reduced to one-third the diameters of the originals 
and at the second stage. Moisture continued to collect upon 
them during the afternoon of January 5, 1905, owing to a pro- 
gressive fall in outdoor temperature, and as a result they 
assumed and past into the third or opaque window-frost stage. 
For some strange and inexplicable reason, certain local spots, 
situated at regular intervals along the greater radii, failed 
to attract as much moisture as others, or operated to repel 

, moisture; hence such spots retained much of their original 
transparency, and this caused the formation of the won- 
derful and beautiful white and dark spots that appear, 
strung bead-fashion, along their radii. Our photograph No. 
140 shows the general aspect of the crystals at this third or 
beaded stage; it shows them much reduced in size, and of 
course shows but little of the wonderful beauty of the origi- 
nals. No. 142 isashort magnified section while at the sec- 
ond or beaded stage. There is some mystery why crystals of 
this type and form do not broaden out and meet one another, 
instead of growing in such a narrow, banded fashion. 

(53) Other special cases of feather-form crystals. 

No. 150 of our series shows exquisite scroll-like designs of 
window-ice crystals. No. 183 portrays a group of exceeding 
richness and complexity ; some of the crystals resemble the ever- 
green-vine type shown in Nos. 136and 140. No. 182 pictures a 
magnificent group of feathers, growing upward from the bot- 
tom of a windowpane. 

No. 164 includes examples of both “feather” and “ branch- 
ing” forms of window-ice crystals. The latter type may be 
seen branching outward from the ends of the former. The 
abrupt manner in which one ceases development and in which 
the opposite type begins to grow outward, as also the well- 
defined line of demarcation between them, is well shown in 
this photograph and also in No. 101. 

(54) Type IAB. Arborescent crystals. 

The individual crystals of this type are much less beattiful 
and diversified in form than are those of type IFA. This ex- 
plains the relative paucity of our photographs of this type. 
Nos. 84, 87, 92, 94, 149, 153, 164, 165 are typical examples. 

No. 87 of this series is a most interesting photograph, show- 
ing the manner in which these tiny, slender, crystalline 
branches wander or meander in a general parallel direction on 
the glass. No. 165 is of nearly as great interest. 


This completes our list of window-ice crystals. Those herein 
reproduced give but a glimpse into the beauties of the window- 
ice crystals, and show but a few of their many varied forms. 
They must be seen in the originals to be seen at their best. 
Photographs utterly fail to do them justice. It is a delight 
to know that our windowpanes will for all time be glorified 
and beautified in winter by these exquisite creations of win- 
dow ice, and by those other elegant crystal structures that are 
next of kin to them, the window-frost crystals. 

VII.—FORMATION OF ICE AND ICE CRYSTALS. 
(55) Observation of crystallization. 
The crystallization and solidification of water in mass, 


MONTHLY WEATHER REVIEW. 








Ocroser, 1907 


as on ponds, brooks, rivers, etc., by freezing in winter, is 
indeed a most marvelous and instructive phenomenon, and 
results in the formation of many beautiful and interesting 
groups of crystals. Yet so minute and very thin and trans- 
parent are most ice crystals at their nuclear stage, and so 
quietly and unobtrusively do they form and grow upon the 
water, that perhaps observers in general rarely witness them. 
It is, however, easy to study the wonderful formation, growth, 
multiplication, and eventual merging together of the myriads 
of tiny discoidal star-like and other ice crystals, which in the 
wintertime change the liquid water into crystal sheets or 
masses. The marvelous “alchemy” or mechanism of ice for- 
mation, which, as if by magic, converts a fluid into a seemingly 
structureless solid, can be seen to advantage only under just the 
right conditions of light, position, etc., and unfortunately 
nature unassisted rarely furnishes such. 

The whole process, however, can easily be watched upon 
and beneath the surface of a water pail or dish holding water 
in process of freezing, if the vessel is set in front of a window 
and a large piece of looking-glass placed flat down on the 
bottom beneath the water. The water may be occasionally 
stirred very gently, and such crystals as form from time to 
time may be removed. 

Ice crystals should possess a very great interest for the 
erystallographer and student of nature, for, as noted further 
on, certain types pass thru most strange and unusual phases 
of growth. Moreover, they are so very easily seen and studied 
if viewed under the proper conditions of light, etc., that they 
perhaps furnish the best opportunities that occur in nature for 
the general study of crystal forms. They should possess an 
added interest as crystallographic subjects, because they can 
very easily be subjected, while forming and growing, to diverse 
artificial and natural conditions, such as relate to temperature, 
location and environment; and thus they afford a means of as- 
certaining the effects that these various conditions have on the 
forms and habits of growth of crystals. Tho easily observed 
and studied, they are most difficult objects to photograph. 
The writer undertook the task of photographing them during 
the winter of 1904-5, but had poor success; and only after 
repeated failures succeeded in securing good photographs 
of them while floating and growing upon the surface of the 
water during the winter of 1905-6. Possibly these here given 
may be the first series of photographs that adequately portrays 
the form and structure of ice crystals of this character, while 
in actual process of formation and growth on the surface of 
liquid water. 

(56) The merging together of crystals into massive ice. 

The forms and habits of growth, and the mode of arrange- 
ment of the individual crystals of ice, as well as the manner in 
which they merge and freeze together to form sheets and 
masses of solid ice, necessarily vary in different cases, and 
in the case of different types under varying conditions of 
temperature, environment, etc. The solid ice itself, when new, 
rarely discloses the manner in which it was formed, or the 
forms and manner of arrangement of the many individual 
crystals of which it is composed, because, in general, those 
crystals are so completely and perfectly merged together dur- 
ing the process of freezing that in many cases every trace of 
their forms, outlines, and arrangements within the ice is com- 
pletely obliterated. In most cases ice crystals grow out- 
ward from a given constituted ice nucleus, by attracting 
and drawing water molecules to their apices and edges. The 
only exception seems to be in the case of the formation of ice 
columns in peaty or gravelly soil. Such seem to grow in an 
inverse order, thru additions drawn upward thru the pores of 
the soil and deposited beneath the bases of the columns. 

®See article by Prof. Cleveland Abbe in the American Meteorological 


Journal, April, 1893, vol. ix, pp. 523-525; reprinted in the Weather Re- 
view for April, 1905, vol. xxxiii, pp. 157-158. 
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The manner in which, in general, solid films or sheets of ice 
of considerable thickness are formed upon the surface of pond, 
and of gently flowing brook water, consists, in many cases, of 
the following steps: 

1. The formation of a very thin film of ice upon the surface 
of the water, thru the formation and growth and merging 
thereon of myriads of needle-shaped, discoidal and branch- 
like crystals and ice flowers. 

2. The gradual thickening of this film thru additions from 
below, deposited upon its under surface. 

3. The formation on the under side of such an ice film, and 
the growth downward into the water beneath, of various 
needle-shaped and branch-like ice crystals. 

4. The formation, within the free water beneath such a film, 
of ice flowers and other crystals which rise to the under sur- 
face of the film, and grow within the compartments that exist 
between the downward-growing crystals and branches. 

5. The continual formation aud growth of new nuclei, and 
the continuation of the growth of the older crystals until all 
merge and freeze together and form a second and thicker solid 
ice film below, but merging with the original one. During 
long continued cold, this process repeats itself from time to 
time, until solid ice sheets of great thickness are formed. 
Brook and river ice, however, as formed over swiftly flowing 
water, grows in thickness thru accretionary processes, i. e., by 
liquid particles freezing to the lower surfaces of the ice, with- 
out the formation of typical ice crystals. 

(57) The structure of old ice. 

From the foregoing it will be seen that, in general, a mass 
of solid ice is not formed wholly, and perhaps not mainly, thru 
the formation and merging of a vast number of tiny, sym- 
metrical flower-shaped crystals, but rather thru the growth 
and merging of diverse types of crystals, and of segments of 
such, differing greatly in size, form, and structure. When 
closely examined, old ice, as a result of slight internal melt- 
ing, or of changes of structure due to its being repeatedly 
subjected to cold and changes of temperature, often reveals 
traces of its former open crystalline “ pre-solid” character. 
Such old ice presents faint evidence of a cellular or honey- 
comb-like structure, the cell walls being mainly normal to the 
surface of the ice. Photograph No. 230 B shows the cellular 
structure of such old ice; the cells and cell walls are irregular 
in form and arrangement. 

In general, the long, slender air tubes, which are the only 
conspicuous internal feature of such ice, are arranged perpen- 
dicularly to its surface, but ofttimes parallel to and at the lines 
of intersection of two or more of the faintly outlined cell walls. 
Their perpendicular arrangement may be due, in part, to the 
fact that in general the longer radii of the crystals of which 
such ice is formed also lie perpendicular to or at angles of 60° 
with the surface of theice. Yet the main cause, in most cases, 
must be attributed to the fact that such ice sheets undergo 
lateral expansion and contraction during and subsequent to 
solidifying. Such internal stresses tend to squeeze the air 
into the ice along the lines of fracture and of least resistance, 
i. e., into the so-called cell walls, or their points of intersection. 

(58) Frazil ice. 

The so-called frazil ice, or mush ice, of rivers and flowing 
streams forms only during extreme cold and only when the 
whole body of water within such streams or rivers becomes 
chilled to the freezing point. Multitudes of tiny discoidal and 
other ice crystals form and grow both upon and beneath the 
surface of such chilled flowing water. The water currents 
always present within flowing water tend to keep many crys- 
tals submerged, and to draw surface crystals downward into 
the water, and to cause them to diffuse themselves therein. 
As a result of this forced submergence myriads of them come 
into contact with submerged stones, soil, etc., upon the sides 
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and bottoms of such flowing streams, and attach themselves 
thereto and to one another, and grow therefrom. 
(59) Anchor ice. . 

The so-called anchor ice is in many cases doubtless due to 
the same causes. But possibly in some cases ice-crystal nu- 
clei may form and grow in the first instance directly upon and 
from submerged stones and objects lying upon the bottoms of 
such streams. The primary cause of the formation, or rather 
retention, of masses of frazil or anchor ice at the bottom and 
sides of flowing rivers is doubtless due to radiation of heat 
from the bottom upward, as set forth by Prof. Howard T. Barnes 
in his very interesting and instructive book, “Ice Formation”. 

(60) Ice flowers. 

Tho in general the process of merging and solidification 
destroys all visible traces of the forms and outlines of the 
individual crystals, of which solid masses of ice are formed, 
the crystals may in many cases be rejuvenated and made 
visible again by the proper treatment. Tyndall’s method, 
whereby the ice is subjected for a time to the gentle heat of 
the sun’s rays, causing a very slight internal liquefaction to 
take place, will generally reveal themanew. This gentle heat 
operates in such a way as to liquefy the special less dense por- 
tions of the ice lying between the crystals proper, and hence 
brings them into view again. Star-shaped ice crystals, those 
termed “ice flowers” by Tyndall, come out most plainly within 
blocks of such sun-laved ice. They appear most frequently 
within pond and lake ice, but sometimes also within river and 
brook ice. The ice flowers that are found so embedded within 
the solid ice vary greatly in size, form, complexity, and sym- 
metry, but all, or nearly all, lie so that their tabular planes 
are parallel to the surface of the ice. They differ in one 
important respect from ice flowers newly formed upon the sur- 
face of freezing water, in that large air bubbles form their 
nuclei, whereas the latter possess none. 

In most cases, after the ice flowers are made visible as here- 
tofore described, if the ice be then subjected to intense cold 
for a time the contraction of the ice will cause the nuclear air 
bubbles to diffuse themselves outward in a nebulous aspect 
around the whole radius of the ice flowers, and cause the 
destruction of the latter, as shown in photograph No. 232. 
The author has made but few photographs of embedded ice 
flowers. No. 231 is the only one thought best to reproduce; 
it shows some embedded in brook ice. 

Fortunately other students of ice, notably Prof. Benjamin W. 
Snow of the University of Wisconsin, and Prof. H. Schoentjes 
of Université de Gand, have made a large number of excel- 
lent photographs of embedded ice flowers. Professor Snow 
has kindly furnished a few of his photographs to be used to 
illustrate the beautiful forms of the embedded ice flowers. 
(See Nos. 228, 229 A, 229B.) Professor Schoentjes has made 
an extended study of these and of ice formation, and has 
written a very interesting and helpful book treating of them." 

(61) Structure of pond and lake ice. 

There is much of interest about the structure of pond and 
lake ice, aside from that relating to the ice flowers embedded 
therein. The forms and arrangement of the air tubes therein, 
and the changes these and the structure of ‘the ice undergo 
under the influences of sunlight and mild weather, are of espe- 
cial interest. In general, pond and lake ice, when viewed hori- 
zontally, presents a banded appearance. This is due to the fact 
that some sections or layers are thickly threaded with air tubes, 
which give a white, milky appearance to them; while others 
contain few or no air tubes, and hence are very clear and trans- 
parent. This banded appearance shows in our photograph 
of pond ice, No. 230 A. The upper layer usually consists of 
white, opaque snow, and water ice, and commonly the layers 

TIce Formation, by Howard T. Barnes of McGill University, Montreal, 


Canada. Published by John Wiley & Sons, New York, U.S. A. 1906. 
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containing most air tubes lie within the upper half ef a given 
section of ice. The presence or absence of air tubes within 
ice is doubtless largely due to the rapidity of the rate of the 
growth of the ice. All things being equal, ice that forms 
rapidly and during intense cold will contain many air tubes, 
while conversely, ice that forms slowly will possess but few 
air tubes. Ice that forms by accretionary processes over 
swiftly flowing water contains but few air tubes. The forms 
and sizes of the air tubes within the pond and lake ice vary 
greatly from one section or layer to another. Some layers 
may contain only long and slender tubes, others cigar-shaped 
ones, while others may contain small or large, oval or round 
tubes. (See photograph No. 230 C). They seem to be sub- 
jected to great pressure, for they are often foreshortened as tho 
by intense stress. This seems proved from the fact that air 
tubes of a given size, after the ice has been subjected for a 
time to sunlight or to mild temperatures, are found to extend 
farther than in the first instance, owing to the fact that a 
slight internal melting has resulted in revealing the original 
former dimensions of the tubes as they existed before internal 
pressure constricted them. (See photograph No. 230 D.) 
(62) Various ice-crystal forms. 

Ice crystals develop largely if not wholly upon thin tabular 
or discoidal planes, and a large proportion form and grow in 
segmental form only. The great majority assume branch-like, 
leaf-like, or needle-like forms, but complete crystals or “ice 
flowers’ having six leaf or branch-like rays, arranged symmet- 
rically like those of snow crystals, are not rare. Ice crystals 
seem rarely or never to assume the form of the solid or hollow 
six-sided column, or to develop in a trigonal manner. They 
nearly all resemble one another in this, that their outlines are 
soft and curving, rather than hard, abrupt, and facet-like, 
and in this they vary markedly from most snow crystals. The 
primary or germ forms of each of the several types of ice crys- 
tals are at first very dissimilar in form one to another; but as 
they develop, they tend to grow more and more in a common 
branch-like manner, and hence when mature resemble one 
another more closely than at birth. 

(63) First formation of ice crystals. 

Ice crystals when first formed, tho free from air tubes and 
inclusions, are yet lighter than water, and if unattached to 
anything always rise to the surface and remain resting there- 
on, usually with their tabular planes lying parallel to the sur- 
face. In general, germ ice crystals form more slowly in per- 
fectly calm than in slightly agitated water. When the whole 
of a body of water becomes chilled to a certain degree, a gentle 
stirring of the water, a jar, or a rocking of the receptacle con- 
taining it causes myriads of germ crystals to form with amaz- 
ing suddenness both upon and beneath the surface of the water. 

(64) Diversity of types. 

Perhaps the most surprising fact in connection with the 
formation and growth of ice crystals is this, that so many 
diverse types form and grow, each perhaps in a different man- 
ner, at the same time within or upon a given body of water, 
and apparently under the same identical conditions of tem- 
perature, air pressure, environment, etc. Photograph No. 262 
shows crystals of various types, formed and growing in the 
manner described. Changes of temperature seem not to lead 
to either a marked increase or a decrease in the number of 
different germ types forming at a given time; tho cold hastens 
and milder temperatures retard the passage of crystals from 
one stage of growth to another, and seem to influence the ex- 
terior character (i. e., whether it be frail and branch-like, or 
otherwise) of the superstructure that grows outward from im- 
mature crystals of each of the various types. This seems to 
forge one more link in the chain of proof that, tho exterior 
conditions and environment exert a great influence in deter- 
mining and modifying crystallic forms and structures, yet 








there is a mysterious something—individuality, or whatever it 
may be called—inherent within the crystals themselves, that 
enters into the problem of form determination. This exerts ! 
an influence causing the parent or germ crystal to impart its 

own peculiar habits of growth to the molecules of water that 
such parent crystals, as growth progresses, draw to and incor- 
porate upon and around themselves, in the form of new growth. 

(65) Merging and thickening of ice crystals. 

Ice crystalsof whatever type freely merge and freeze together, 
one to the other. They are, when first formed, and for some 
time thereafter, exceedingly thin as regards tabular thickness, 
hardly thicker in fact than thin paper, probably having a 
thickness between the one hundred and fiftieth of an inch and 
the two hundred and fiftieth of an inch. They gradually, but 
very surely, become thicker with age and increase in size. 

(66) Variation in size. 

Ice crystals, even as first formed, vary greatly also one from 
another in greater diameter. Many ice-crystal nuclei are 
mere specks, with diameters of less than one-fiftieth of an 
inch; while others, when they come into visible existence, pos- 
sess forms of considerable size, one-fourth of an inch or even 
more in greater diameter. Intense cold seems to favor the 
formation of tiny nuclei, and a milder degree of cold that of 
larger nuclei. Intense cold seems to favor branch-like, and 
a mild temperature solid growth. Icecrystals vary much more 
markedly as to the ratio of thickness to diameter than do 
snow crystals. 

Germ ice crystals, floating and growing upon the surface of 
calm water, seem to draw their growth material almost wholly 
from a thin film of chilled surface water. They seem to draw 
little from below. That this is the case is proved by the fact 
that whenever two or more crystals lie close together, or even 
some distance apart, growth occurs fastest and in the greatest 
degree upon the portions of each crystal that lie the farthest 
away from the neighboring crystal, or crystals. (See photo- 
graphs Nos. 264 and 265.) If it were the case that they drew 
their growth supplies from below, their contiguity would make 
but little difference in the rates of growth of the crystals so 
situated, because the source to be drawn from would be rela- 
tively limitless. 








[ To be continued. | 
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The past decade has witnessed an extraordinarily rapid 
extension of the network of meteorological stations in Africa. 
The distribution of stations eight or ten years ago is’ shown 
on the chart which forms the frontispiece of Bartholomew’s 
Atlas of Meteorology (1899). At that time meteorological 
observations were well organized in Algeria and south Africa, 
and work had begun, ip a small way, in several British colo- 
nies, under the supervision of the British Association Com- 
mittee on the Climatology of Africa. A few widely scattered ; 
stations existed in the Congo State. 

In 1900 a general meteorological service was organized in 
Egypt, and its network of stations has been pushed southward 
until now it includes the whole basin of the upper Nile, in the 
heart of central Africa, and adjoins the meteorological system 
of British East Africa. The latter was organized as an inde- 
pendent service about three years ago, and this year, 1907, 
embraces about 50 stations of all orders. The British Central 
Africa Protectorate had, in 1905, a network of 40 stations. 
Southern Rhodesia has 48 stations, nearly all of which are 
less than ten years old. (See map in the Monruty WearTHEr 
Review for March, 1907, p. 124.) The Transvaal had 375 sta- 
tions in operation during the year 1906, of which 32 were 
equipped with barometers. The Orange River Colony had, 
in 1905, 9 second-order stations and 74 rainfall stations. 
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Meteorology has made especially rapid progress in the Ger- 
man possessions and protectorates, and the German observa- 
tions have been very fully published—especially in Danckel- 
man’s Mitteilungen and the Uberseeische Beobachtungen of 
the Deutsche Seewarte. From a new work by Doctor Fitzner 
on the rainfall of the German colonies’ we obtain the follow- 
ing statistics of rainfall-reporting stations in Germany’s Afri- 
can possessions. The enumeration, which refers to the end 
of 1905, includes a considerable number of stations that had 
been discontinued prior to that time; however, it affords an 
indication of the extent of territory from which climatological 
data are available. 





Colony. 
{ ccc acsegekavasere Se 
Togo...........-...+++++--.. 21} No. of stations from which 
German Southwest Africa.... 71{ rainfall data are available. 
German East Africa.......... 84) 


Of the French colonies, besides Algeria, already mentioned, 
Tunis has a well-organized meteorological service, which in 
1903 embraced 34 stations. More recent figures are not at 
hand. 

The British colonies in west Africa include a number of 
meteorological stations, some of long standing, whose observa- 
tions have been published mainly in the reports of the British 
Association and the blue books of the Colonial Office. A map 
of the stations in the Gold Coast Colony appeared in the 
Monraty Wearner Review of September, 1906, p. 425. We 
are now able, thru the courtesy of Mr. E. P. Cotton, director 


'Fitzner, Rudolf. Die Regenvertellung in den deutschen Kolonien. 
Berlin: Heimann Paetel. 1907. 
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Fic. 1.—Meteorological stations in Southern Nigeria. 


of surveys at Lagos, to present a chart showing the location 
of meteorological stations in Southern Nigeria (Fig. 1). 
Mr. Cotton also sends the following particulars regarding the 
meteorological system of Southern Nigeria, which is under the 
direction of the department of surveys, with headquarters at 
Lagos. 


There are at present 36 meteorological stations in the colony of Southern 
Nigeria which are classified under three headings, denoting the Eastern, 
Central, and Western Provinces, to which they belong. 

(a) In the Western Province there are Lagos, the central station, which 
has an observatory, Ebute Metta, Badagri, Epe, Olokemeji, Ondo, Ibadan, 
Oyo, Saki, Ilesha, Abeokuta, Oshogbo, Soto Plantation, Otta Station, and 
Ogbomosha, all of which are rainfall and temperature stations. 

(b) In the Eastern Province we have Bonny, Egwanga, Calabar, Bendi, 
Ikot Akpene, Obubra Hill, Brass, Degama, Nwerri, Opobo, Afikpo, and 
Akassa; all these are rainfall and temperature stations except Egwanga, 
which is at present a rainfall station only, but we hope to equip it as a 
rainfall and temperature station shortly. 

(c) The Central Province furnishes us with the following, viz: Forcados, 
Sapele, Asaba, Benin City, Efan, Onisha, Wari, Abo, and Oka, all of which 
are rainfall and temperature stations. 

The Lagos Observatory, which is the principal station, is well equipped 
with barometer (Kew pattern), barograph, minimum on grass, maximum 
in sun; rain-gage with receiver and measuring glass; maximum mercu- 
rial thermometer, minimum spirit thermometer, and ordinary thermom- 
eter, hygrometer, besides a Dines anemometer, and other costly instru- 
ments for astronomical purposes. 

The remaining or second-class stations have a maximum thermometer, 
minimum thermometer, rain-gage with receiver and measuring glass, 
and two ordinary thermometers. 

Very few of these latter stations have maximum in sun and minimum 
on grass as well. ’ 

At the Lagos Observatory observations are made twice daily, namely, 
at 9 a. m. and 3 p. m., respectively, whilst only at 9 a. m. at the other 
stations, in order to suit the convenience of the various observers and 
also in consequence of their not having many instruments. 
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These observations are taken at Lagos by the meteorological clerk, 
under the supervision of the director of surveys; and at the outstations 
mostly by the medical officers and district commissioners. 

These observers in the districts are furnished with two meteoro- 
logical registers each, which are to be sent alternately to Lagos at the 
close of each month, so that the records may be compiled there, and the 
register is also returned in a few days, so that the continuity of the records 
may not be interrupted. 

The rainfall record registered in each station during the 


previous year stands thus: 


Western Province. Eastern Province. Central Province. 





Station. Inches Station. Inches Station. Inches. 
LAGOB. .. 6. cece ec cees 74.76 | Bonny ..............| 142.26 | Forcados...........| 98.28 
CED veccccccecscce -| 54,59 | Egwanga ...........| 251.49 | Sapele.............. 106. 69 
Pee ek eee 168.64 | Asaba............. 44.27 
Olokemeji ........... 40.90 | Bendi...............| 87.08 | Benin City.........) 93.30 
POGRETE. ccccccccesses 58.34 | Onisha . ........... i GC Seer 27.17 
BRO. cc cc cccccescccese 60.23  Obubra Hill *....... 3. 50 
Ovhogbo ............ 47.95 | Nwerri ®............ 80.14 
ODEO. cccccccvccceveces| GED | AGMBO. cc ccc. cccceee) CAT 
GREE F. weccccccccccsss| Sa 


* Records incomplete. 
The highest rainfall, 251.49inches, was registered at Egwanga 
and the lowest, 40.90 inches, at Olokemeji. 


THE ROYAL METEOROLOGICAL SOCIETY. 


[Reprint of a circular issued by the society. | 


The society was founded for the promotion of the science 
of meteorology in all its branches on April 3, 1850, under the 
title of The British Meteorological Society. On its incorpora- 
tion by royal charter, on January 27, 1866, the name was altered 
to The Meteorological Society; and in 1883, by permission of 
Her late Majesty Queen Victoria, it became The Royal Meteoro- 
logical Society. 

In 1904 His Royal Highness the Prince of Wales honored 
the society by becoming its patron. 

Meetings are held on the third Wednesday in each month 
from November to June inclusive—those in the evening being 
usually (by permission) at the Institution of Civil Engineers, 
and those in the afternoon in May and June at the society's 
rooms, 70 Victoria street. These occasions afford an oppor- 
tunity for social intercourse between those interested in 
meteorology, tea being served after the evening meetings or 
before the meetings in the afternoon. 

Exhibitions of new and special classes of meteorological in- 
struments, as well as of diagrams, charts, and photographs, 
are held from time to time. Popular lectures on meteorologi- 
cal subjects by eminent authorities are also arranged for on 
special occasions. 

The papers read at the meetings, together with the discus- 
sions, in which every fellow is entitled to take part, are printed 
in the Quarterly Journal, which also contains notes, correspon- 
dence, notices of recent publications, and the titles of such 
papers as appear to be of general interest bearing on meteor- 
ology in the periodicals which are received in the society's 
library. It thus serves to keep the fellows residing at a dis- 
tance from London in touch with the meteorological work of 
the world. 

In 1874 the society commenced the organization of a series 
of second-order stations, at which observations of pressure, 
temperature, humidity, rainfall, and wind are made on a uni- 
form plan so that the results may be strictly comparable. In 
addition to these, another class of stations, termed climatologi- 
cal, was organized on January 1, 1880, at which the observa- 
tions, altho of equal accuracy, are less exacting. These 
stations, which number about 100, are well distributed thru- 
out the country; they are regularly inspected on behalf of the 
society, and the results of the observations are published in 
the Meteorological Record. 

In 1874 conference on the observation of periodical natural 
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phenomena was organized, and as the result of their delibera- 
tions the society instituted the series of phenological obser- 
vations which have been continued since that time, first under 
the superintendence of the late Rev. T. A. Preston, and since 
1888 under that of Mr. E. Mawley. 

A lightning rod conference was organized in 1878, which 
in 1882 published a valuable report embodying a code of rules 
for the erection of lightning conductors. 

The society has initiated and carried out various scientific 
investigations, of which the following may be mentioned: (1) 
systematic investigations of the thunderstorms of 1888 and 
1889, and the classification of the various forms of lightning; 
(2) inquiry into the phenomenon of the Helm Wind of Cross- 
fell, Cumberland; (3) investigation into the relation between 
Beaufort’s scale of wind force and the equivalent velocity in 
miles per hour; (4) the investigation of the meteorological 
conditions of the upper air by means of kites. 

The Symons gold medal, founded in 1901 in memory of the 
late Mr. G. J. Symons, F. R. S., is awarded biennially by 
the council for distinguished work done in connection with 
meteorological science. The medal was presented to Dr. A. 
Buchan, F. R. S., in 1901; to Dr. J. Hann, of Vienna, in 1903; 
and to Lieut.-Gen. Sir R. Strachey, F. R. S., in 1905. 

The society possesses a valuable meteorological library of 
about 8700 volumes, 12,000 pamphlets, 200 maps and charts, 
and 800 manuscripts, unequalled by any collection of works 
on this science in the world. It also possesses a unique bibli- 
ography, which contains the titles of all books, pamphlets, 
papers, and articles bearing on meteorology, in all languages 
of which any notice can be found. 

In addition to these, there is a large and interesting collec- 
tion of photographs and lantern slides illustrating meteorolog- 
ical phenomena and instruments. 

With the view of advancing the general knowledge of 
meteorology, promoting an intelligent public interest in the 
science, and making the work of the society more widely known, 
a lecturer has been appointed to act in cooperation with scien- 
tific societies, institutions, and public schools in various parts 
of the country. Exhibits of selections from the collection of 
photographs, drawings, diagrams and charts illustrating . 
meteorological phenomena, and also various patterns of instru- 
ments used for observations, are shown, under the charge of a 
member of the staff, at gatherings of local scientific societies, 
or on other occasions when they are likely to prove of interest. 

Candidates for the fellowship are elected by ballot, after 
recommendation by three fellows, one of whom must certify 
from personal knowledge. Ladies are eligible for the fellow- 
ship. Fellows are entitled to the designation, F. R. Met. Soc. 

Fellows have the privilege of attending the meetings and 
introducing visitors; they have the free use of the library and 
receive gratis the Quarterly Journal, the Meteorological Rec- 
ord, and the other publications of the society. The council of 
the society is elected by the fellows annually, and reports to the 
fellows at the annual general meeting. 

The library and offices at 70 Victoria street, Westminster, 
are open daily between the hours of 10 a. m. and 5 p. m., ex- 
cepting on Saturdays, when they are closed at 1 p.m. Fel- 
lows are always welcomed at the society’s rooms, and the 
office staff is always ready to assist in supplying any meteor- 
ological information which is desired. 

Every fellow pays an annual subscription of £2, or a life 
composition of £25, and in addition an entrance fee of £1. 
For fellows elected in November and December the payment 
of the first subscription exempts them from any contribution for 
the next succeeding year. 

In addition to the fellows, there is a class (limited to 20) of 
honorary members, which is confined to distinguished foreign 
meteorologists. 

All communications should be sent, and all money contribu- 
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tions paid, to the Assistant Secretary, Mr. W. Marriott, at 70 
Victoria street, S. W.; checks being crost “the Bank of Eng- 
land ”’. 


Foreigners are eligible to membership in the society, and 
it is desired to give the society an international character by 
adding as many as possible to its list of members. The secre- 
tary has deposited anumber of blanks for nomination with the 
Editor of the Monruzry Wearner Review, and adds: “We 
always welcome fellows from any part of the world”. 


THE CHRISTMAS METEOR OF 1873 AT 
WASHINGTON, D. C. 


By Prof. Henry A. Peck. Dated Syracuse University, Syracuse, N. Y., November 16, 

At the meeting of the Philosophical Society of Washington, 
D. C., on the 27th of December, 1873, its attention was called 
by Dr. Peter Parker to a remarkable meteor which had been 
seen on Christmaseve. The topic excited considerable interest 
as several members of the society had witnessed the flight of 
the meteor, and a committee consisting of Dr. Peter Parker, 
W. L. Nicholson, and Cleveland Abbe was appointed to collect 
data. The report of this committee was read April 7, 1877, 
and was published in the Bulletin of the Philosophical Society 
of Washington for that year. Some time since the Editor 
kindly called my attention to the report and suggested that 
further work on some phases of the subject might be useful. 
In what follows, the reader is supposed to have access to the 
report in question, which is readily accessible to interested 
parties. 

THE POINT OF DISAPPEARANCE OF THE METEOR. 

At twenty-four stations records were made of the disappear- 
ance of the meteor. Many of these records are very crude, and 
when the directions given by the remainder are plotted on a 
map, it at once becomes apparent that many of the persons 
making the observations did not see the meteor at the time of 
extinguishment, as others situated farther along its track con- 
tinue to report it. This brings us at once face to face with 
one of the difficulties that confronts any one having to do with 
observations made by persons unused to such work. The 
separation of the wheat from the chaff often calls for more 
skill and judgment than any other feature in the process of 
locating the tracks of meteors. Undoubtedly the observers 
generally see the meteor at the points noted, but interposing 
trees, buildings, and other obstructions cut off the view, and 
they do not realize the necessity of noting this fact. An ex- 
ample is found in the Washington observations. Four ob- 
servers report that the meteor disappeared within a degree or 
two of due west, and only one mentions any obstruction to 
vision. On the other hand, Prof. E. S. Holden, at the Naval 
Observatory, made a careful determination and found the dis- 
appearance at south 68° west, with an altitude of less than 5°. 
This determination is verified by the fact that the meteor was 
reported at Harpers Ferry and Appomattox to have azimuths 
differing by almost exactly 180°. After a somewhat careful 
study of the materials, I have made the determination of the 
end point depend upon the following observations, the longi- 
tude of the observer being noted with reference to the dome 
of the Capitol at Washington: 


Station. Longitude, | Latitude. Azimuth, Weight. 
Number. » -* Se Ff © 
TT ee ee ee Oe 39 «35 Ss. 33 W. 1 
cca titanerctecasanssveceeneesteenel a ae ne 38 (54 S. 68 W. 3 
Ge ceva cs che nccodccecsun-teseetroonto W. 1 = «5 37 20 N. 25 E. 1 
45. ob een de bss cescccess dsseuy’ we we @& 39 «18 Ss. 22 W. 1 


Station 28 was occupied by Prof. E. S. Holden of the Naval 
Observatory. I have thought that his superior training in 
astronomical observation should entitle his record to much 
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greater weight than could be accorded to that of observers 
who were deficient in this training. 

It is evident that if the end point had been accurately ob- 
served at each station, the vertical planes corresponding to 
these azimuths would cut each other in a common line passing 
thru the zenith of the place where the meteor was extin- 
guished. On account of the great errors with which meteor 
observations are always affected this will scarcely happen; and 
therefore we are called upon to determine the most plausible 
position of this line. A method of solution is given by Bau- 
schinger in his “ Bahnbestimmung der Himmelskorper” and 
this method has been followed, with the result that the geo- 
graphical coordinates of the point are 

Longitude 0° 57.8’ west 
Latitude + 38° 42’. 

The theoretical probable error of the equations producing 
these coordinates is very small, and the position satisfies very 
closely the observation made at Danbury, Conn., as it is re- 
corded on page 144. Professor Holden determined the altitude 
at disappearance to be 4° 45’ or less. Taking into account 
the curvature of the surface of the earth, we may easily derive 
from this that the disappearance took place at 4.8 miles from 
the surface. That the meteor came comparatively close to the 
surface is also established by otherevidence. To the observer 
at Newcastle, Del., it was lost in the haze of the horizon. At 
Milford, Del., it disappeared “where the sun set”. At Rich- 
mond, Va., it was followed to 9° 30° altitude, and the observer 
“did not see the end”. At Woodstock, Va., about 25 miles 
away, the altitude was estimated at 20°—25°, the lower altitude 
corresponding to 9 miles. In what follows a mean, 7 miles, 
has been chosen and used. 

THE POSITION OF THE RADIANT. 

When the end of the flight is known, we may find the posi- 
tion of the radiant from the mutual intersections of the 
great circles past thru the end point and any other point in 
the flight. Each station will furnish an equation, and the least- 
square solution of these equations will give the most plausi- 
ble position of the radiant, or point from which the meteor 
would seem to approach an observer situated at the end of 
the flight. The observations that I have used are as follows: 


Alti- 


Station, Latitude. Longitude. tude, | Azimuth. 
| 

Numbe . 4 d ° , ° 
Wikcnck ueewakngd Setteceucreievun 41 20 8 35 E. 30 | 8S. 46° W 
bcc nih ennetuki ana antw anes leeweatin 39 38 1 @ E. 60 8. 
20 39 9 ® 3 & 50 8. 
PR tetcbesevtesekddashind ob bebhanne 38 54 018 45 8. 70° E. 
AE 5 cv su eaevec dveadee cee 38 54 0 0 60 Ss. 
30... 38 48 0 3 W. a Serer 
awn 6e.ddcs c+ cnccndseesereasss (0sde8 38 53 0138 OW«. 75 5. 
34.. 38 40 0 26 W. —-|S= eee 
Gncdwhusns eves qndsevedesdebensdebed 37 20 : = S, 40 N. 86° &E 
ee 38 «459 0 53 #W. 70 N. 674° E 
43 38 50 1 31 W. 45 E. 
48 38 «(56 83 9 W. 45 E 


With regard to Station 1, Danbury, Conn., there is some 
ambiguity in the record. I have interpreted it to mean that 
the course of the meteor made an angle of 25° with a vertical 
circle. 

The following table may next be constructed: 


Station. a é al él 
Number. °o , ° , ° , °o , 
D ddirepuianduunbabhetacel 327 8 —25 85 353 4 —6 650 
Dic anciies sine bnenbie bans 318 24 —18 52 29 «41 +9 88 
DR i vedsccbesscsuanncoeen 321 43 —20 2 23 @ —0O 651 
6. dvsScevibsctemnseenauee 312 «44 —6 381 71 47 +14 45 
| ERR eee cr ee 812 57 —6 387 23 21 +8 654 
30 308 57 —@O 33 28 18 +38 48 
31 3160 «= 42 —6 57 28 8 +238 «BS 
Di eutcle- ds ties Meremeeess 306 «=. 20 +13 5 27. «55 38 4640 
 ititphedenck) shiseeeayeen 164 35 +48 2 95 12 47 «39 
41 13 22 37 «50 67 17 +48 46 
Gc dece beac tke gessccenduba 95 44 —~2 5 78 55 +26 19 
OP cakded rcnkes bcectudsans 105 19 9 38 7 @® +26 23 
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Here « and @ are the right ascension and declination of the 
point of disappearance as seen frum the different stations, 
and a' and @' are the right ascensions and declinations com- 
puted from the data given above. 

From these right ascensions and declinations the longitude 
of the node, and the inclination of each of the great circles to 
the equator may be found as follows: 


Longitude of node. Inclination. 
N. 


Station. 
Number ’ 
1 awe wl 6 139 62 
6 185 21 157 37 
20 20 3&8 158 37 
BP cccscccsses 158 24 165 15 
26.. 164 5 167 27 
TP covcccc coovsces 12 8637 140) «38 
ibdnGb oe chdeseseeesoancsecoeseceees sete ete 150 12 152 25 
34... 109 «38 141 2 
OP &bs eeneeee, 600s 40 «(27 53.20 
Gr ebtovbececsees 37 37 62 8 
GP ce cece oxen ceteee tes ebbe bebe sencsccececes een 274 «#10 28 0 
Pibidinne dcudes chneuseded ed bethe0-60cbs¥0e ences se se 298 16 52 52 


The condition that the radiant shall lie on these great cir- 
cles is exprest by the equation— 
sin Nsin J cos D cos A—cos Nsin / cos D sin A+cos/sin D=0, 
where A and D are the equatorial coordinates of the radiant. 
Forming these equations and solving them by the least- 

square method, there results 

A= 66° 55’ 

D = +29° 51’ 
When these values are substituted in the original equations, 
the residuals for several of the stations are found to be rather 
large. As it seemed possible that these might produce a 
sensible error in the results, the unknown quantities were 
again determined from equations not open to this objection, 
with the result 

A= 63° 40’ 

D= +31° 17’ 
When it is remembered that the observations are in general 
only estimates, the close agreement in these two results gives 
confidence in their substantial accuracy. 
THE COURSE OF THE METEOR THRU THE ATMOSPHERE. 


By the well-known formulas of spherical astronomy, this 
right ascension and declination of the radiant may be changed 
into azimuth and altitude. The result shows that, as viewed 
from the point of disappearance, the bearing and angular 
height above the horizon of the point from which the meteor 
appeared to come are 

Azimuth S. 86° 55’ E. 
Altitude 56° 27’. 

It will be noticed that this course differs by nearly 30° from 
that laid down in the bulletin to which reference has been 
made. The observers at Washington saw the meteor to the 
south, and this is also the report from Milford, Del.; while to the 
observers at Woodstock and Buckhannon it seemed nearly to 
follow a vertical circle. As usual there is much confusion 
in the notices, but those that apparently deserve the most 
confidence seem to bear out the course indicated. 

The most difficult results to obtain from the observations 
have been the data needed in order to compute the velocity 
thru the atmosphere. If the azimuths recorded by Mr. 
Inman, of Washington, D. C., and by Mr. Christian, at Appo- 
mattox Court-house, are plotted on the map in the bulletin, 
they will be found to intersect very near the mouth of the 
Choptank River, on the eastern shore of Chesapeake Bay. 
This point of intersection lies on the track of the meteor as 
traced above, and it is here that I am inclined to place its first 
appearance. As to the height of this point above the ground 
we have the following data: 
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Miles 

Ti ochre aad ea ener 138 
Mercersburg, Pa...... Sade necator ‘. aa 
CIEL, ou cla séstiss vonekn ; _ ae 
Newcastle, Del....... ae veda ae 
Appomattox Court-house, Va............ 134 
ME, WN doch ceaeasccdswes’e . 120 
Average...... eee nne ey . 130 


While this great elevation is by no means unprecedented, 
yet it is by no means common. Corresponding to it, the 
length of the flight may be taken as 154 miles. As usual, 
the evidence as to the duration of the flight is very weak. 
The authors of the report estimated it at not less than three 
nor more than five seconds. If we take the mean of these 
estimates, the velocity was 38.5 miles per second. 

THE ORBIT WITH REGARD TO THE SUN. 


The computation of the orbit in space proceeds according 
to well-established principles of theoretical astronomy. From 
the data contained in the Nautical Almanac, it is found that 
the longitude of the apex of the earth’s motion was 183° 15’. 
When the radiant point, as given above, is freed from the 
effect of the attraction of the earth and from the effect of its 
motion in space, the position of the true radiant point or po- 
sition in space from which the meteor actually came is found 
to be 

4 (celestial longitude) 50° 47’ 

& (celestial latitude) + 6° 26’ 
and its velocity about fifty miles per second. It was following 
and overtook the earth, the angle between its path and the 
direction to the apex being 132°. The elements of the orbit 
with regard to the sun are 


Q (longitude of ascending node) 273° 22’ 
i (inclination to ecliptic) 9° 28’ 
T (longitude of perihelion) 150° 12’ 


log g (logarithm of perihelion distance) 9.7937 
log e (logarithm of eccentricity) 0.6329 


A PERSISTENT METEOR TRAIN OBSERVED AT 
ALBANY, N. Y. 


By Prof. Henry A. Peck. Dated Syracuse University, Syracuse, N. Y., October 22, 1907. 


During the early twilight of Sunday evening, February 10, 
1907, a large meteor was seen in the general direction of the 
setting sun by residents of Albany, N. Y.,and the surrounding 
territory. Snow squalls had been frequent during the after- 
noon, and, on this account, in spite of the exertions of Mr. 
G. T. Todd, the local forecaster of the Weather Bureau, only 
very meager accounts of the phenomenon were obtained. 
This is much to be regretted, as the meteor was attended by 
a train that persisted for fully a quarter of an hour, apparently 
drifting to the north. Mr. Robert E. Horton, of Albany, resi- 
dent engineer ot the barge canal, was one of the observers, 
and has kindly furnished the following description: 


Sunday evening, February 10, at 5:45 p. m., standard time, I chanced 
to look from a window facing the south. I was surprised to find the sky 
overcast with light, yellowish, fleecy clouds of a type which I have seen 
preceding a midsummer hailstorm. The edge of the cloud canopy was 
about ten degrees above the horizon when first seen, and underneath was 
a heavy bank of black clouds reaching about the same altitude. * * * 
The cloud canopy was lifting and drifting rapidly toward the north. 
When it had reached an altitude of forty-five degrees, I was surprised to 
see, about 8. 20° W, a zigzag streak of bright gold, the lower end of which 
was lost in the reddish haze above and back of the cloud bank and at an 
altitude of about twenty-five degrees. The upper end was visible to the 
naked eye at an altitude of twenty-five to thirty degrees against a back- 
— of clear blue sky. I called my wife to watch while I procured a 

emaire night glass. On my return at 5:50 p. m., it had not changed form 
but had changed color to a fleecy white. The sun had set and the cloud 
canopy had lifted pearly to the zenith. The field glass showed it to be 
apparently a rather dense, clearly demarked band of cloud, which when 
first seen was illumined by the sun. 

A sketch which I made on a scrap of paper, showing its appearance 
thru the glass, is inclosed. (See Fig. 1.) The glass revealed several 
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broken bands invisible to the naked eye, as shown at B, C. The band 
was particularly brilliant in the vicinity of A, and this portion remained 
visible until dark. It changed form but little, the change, if any, being 
in the way of foreshortening, indicating that it was drifting toward the 


north. 
Cc en. 
—_ 





A 


Fic. 1.— Meteor train of February 10, 1907, as sketched by Mr. Robert 
E. Horton. 


Mr. M. W. Williams, of the Division Engineer’s office in 
Albany, saw the phenomenon while in the city hall park. 


It was 5:30 or 5:35 p. m. when I noticed the streak in the western sky, 
it being pretty nearly in the direction of the sun before the latter had 
set and against clear sky. At that time it appeared to be about as thick 
as the path of a flash of lightning, but in other points did not resemble 
one, being about this shape. (See Fig. 2.) 

/ 


Fic. 2.—Meteor train of February 10, 1907, as sketched by Mr. M. W. 
Williams. 


A and B appeared to be prolongations of each other and perfectly 
straight. The intervening crooked line had exactly the appearance of a 
cord which, after being stretched taut, is suddenly released at both 
ends. The streak began fading at once, and was invisible in about fifteen 
minutes, the middle of the crooked part being last visible. 


Reports of a similar nature, but not so extensive, were re- 
ceived from the following persons: 
William L. Stevens, Cobleskill; Mrs. J. W. Eaton, Albany; 
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Mrs. Medora E. Davis, West Albany; Roy E. Crounse, Alta- 
mont; Harry Gaige, Altamont; Mrs. M. Orlup, Delanson; John 
Eddy, Glenmont. 

Taking the horizontal refraction from the Poulkova tables, 
and the position of the sun together with the equation of time 
from the Nautical Almanac, the upper limit of the sun was 
tangent to the horizon at five hours and nineteen minutes 
standard time. It is, thereforé, quite apparent from the known 
height at which meteor trains are apt to form that this one, 
from beginning to final disappearance, was still in full sunlight. 

When the attempt is made to fix the path of the meteor and 
the limits of the train, the evidence is found to be quite meager. 
It evidently did not begin to attract attention, possibly on 
account of the bright twilight, until the appearance of the train. 
It is doubtful if any one saw the lower limit of the train on 
account of the condition of the sky. A canvass was made of 
all persons known to have seen the phenomenon, but while 
evidence was obtained confirming the accounts given above, 
the data for mathematical computation was very conflicting. 
The train was probably in the zenith in the vicinity of 

Longitude 75° 30’ west of Greenwich, 

Latitude 42° north, 
at a distance of about a hundred miles from Albany, but no 
reports were ever received from that region. 


RECENT ADDITIONS TO THE WEATHER BUREAU 
LIBRARY. 


H. H. Kimpatt, Librarian. 


The following titles have been selected from among the books 
recently received, as representing those most likely to be useful 
to Weather Bureau officials in their meteorological work and 
studies. Most of them can be loaned for a limited time to 
officials and employees who make application for them. 


Baden. Zentralbureau fiir Meteorologie und Hydrographie. 

Jahres-Bericht...1906. Karlsruhe. 1907. 116p. f°. 

France. Association francaise pour l’avancement des sci- 
ences. 

Compte rendu de la 35 session. Lyon 1906. Notes et mémoires. 
Paris. 1907. 1442p. 8°. 

Gironde. Commission météorologique. 

Observations pluviométriques et thermométriques faites dans le Dé- 
partement de la Gironde de juin 1906 4 mai 1907. Bordeaux. 1907. 
49p. 8°. 

Hann, Julius. 

Der tigliche Gang der Temperatur in der féusseren Tropenzone. B. 
Das indische und australische Tropengebiet. (8.-A. Denkschr. 
Akad. Wien. LXXXI. Bd.) Wien. 1907. 93p. f°. 

Herault. Commission météorologique. 

Bulletin... Année 1906. Montpellier. 1907. 128 p. 4°. 

Hesse. Grossherzogliches hydrographisches Bureau. 

Deutsches meteorologisches Jahrbuch. Darmstadt. 1907. [13], 
59 p. f°. 

Kurz, Karl. 

Die beeinflussung der Ergebnisse luftelektrischer Messungen durch 
die festen radioaktiven Stoffe der Atmosphire. Dissertation... 
Giessen. 1907. Tl p. 8° 

Lange, Marcus. 

Die Verteilung der Elektrizitiét auf zwei leitenden Kugeln in einem 
zu ihrer Zentrallinie symmetrischen elektrostatischen Felde. Dis- 
sertation ...Giessen. Berlin. 1906. 14p. f°. 

Moedebeck, Hermann W. L. 

Pocketbook of aeronautics. Translated by W. Mansergh Varley. 
London. 1907. xii, 496 p. 16. 

Netherlands. Koninklijk nederlandsch meteorologisch insti- 
tuut. 

Onweders, optische verschijnselen, enz. in Nederland...1905. Deel 
XXVI. Amsterdam. 1907. 125p. 8°. 

Pyrénées-Orientales. Commission météorologique. 
34. bulletin météorologique. ..année 1905. Perpignan, [1907.] 51 p. 4°. 
Rijckevorsel, | Blie] van. 

Konstant auftretende secundire Maxima und Minima in dem jahr- 
lichen Verlauf der meteorologischen Erscheinungen. Dritte und 
vierte Abteilung. Rotterdam. 1907. 24p. f°. 

Smithsonian institution. 

Smithsonian meteorological tables. 3d rev. ed. Washington. 1907. 

lx, 280 p. 8°. 
































































ee 





450 MONTHLY WEATHER REVIEW. 


RECENT PAPERS BEARING ON METEOROLOGY. 
H. H. Kiweatt, Librarian. 


The subjoined titles have been selected from the contents 
of the periodicals and serials recently received in the Library 
of the Weather Bureau. The titles selected are of papers or 
other communications bearing on meteorology or cognate 
branches of science. This is not a complete index of the 
meteorological contents of all the journals from which it has 
been compiled; it shows only the articles that appear to the 
compiler likely to be of particular interest in connection with 
the work of the Weather Bureau. Unsigned articles are indi- 
cated by a —— 

American magazine of aeronautics. New York. v.1. Nov., 1907. 
International aeronautical congress, New York, 1907. p. 15-19. 
Siiring, Reinhard. Aerology in Germany. p. 27-29. 
Geographical society of Philadelphia. Bulletin. Philadelphia. v.5. Oct. 
1, 1907. 
Surface,G.T. Geography of Virginia. [Climate, p. 20-26.] p. 
1-60. 
Meteorological society of Japan. Journal. Tokyo. 2th year. Sept., 1907. 
Tamura, S.T. A memoir of Prof. Diro Kitao (English). [With 
portrait.] p. 1-10. 
Open court. Chicago. v.21. Nov., 1907. 
Daingerfield, Lawrence H. The evolution of climate. p. 641 
643. 
Nature. London. v.76. Oct. 17, 1907. 
-—- International meteorological committee. [Account of Paris 
meeting, 1907.] p. 620. 
Keeling, B. F. BE. Upper air research in Egypt. p. 637. 
Bonacina, L.C. W. Rain gage exposure and protection. p. 672 
673. 
Physical review. Lancaster. v. 25. Nov., 1907. 
Barus, C. Condensation nuclei obtained from the evaporation of 
fog particles. p. 391-398. 
McKeon, T. Frederick. The diurnal) variation of the spontaneous 
ionization in air in closed metallic vessels. p. 399-421. 
Popular acience monthly. New York. v.71. Dee., 1907. 
Strong, W. W. Radioactivity of ordinary substances. [ Radio- 
activity of the atmosphere, p. 530-532.) p. 524-535. 
Royal astronomical society of Canada. Journal. Toronto. wv 1. Sept.- 
Oct., 1907. 
Kavanagh, I. J. Stonyhurst college observatory, Lancashire, 
England. p. 291-296. 
Royal meteorological society. Quarterly journal. London. v. 33. Oct., 1907. 
Mill, Hugh Robert. The best form of rain gage, with notes on 
other forms. p. 265-274. 
The climate of Eritrea, North-East Africa. [Abstract] p. 274. 
Lovibond, Joseph W. Ona method and apparatus for measuring 
fog densities. p. 275-278. 
Capper, J. EB. Note on a balloon struck by lightning. p. 279-285. 
Capper, J. E. Kites struck by lightning, July 10, 1907. p. 285 
286. 


—— Balloon struck by lightning, July 22, 1907. p. 286. 
Hooker, Charles P. The relation of the rainfall to the depth of 
water in a well. p. 287-293. 
Child, Walter. The ‘‘step” anemometer. p. 295-298. 
Rawson, H. HB. Anticyclones as aids to long-distance forecasts. 
p. 309-310. 
Science abstracts. London. v. 10. 
ene), H. W. Influence of wind on the quantity of rain col- 
ected in a rain gage. [Abstract of article by A. Lo Surdo.] (Sept. 
25, 1907.) p. 472. 
Hiay], A. Lightning. [Abstract of article by C. P. Steinmetz. | 
| Estimate of voltage, etc.] (Oct. 25, 1907.) p. 543. 
Scientific American supplement. ew York. v.64. Nov. 16, 1907. 
Birdwood, George. The mechanism of the monsoon. The work 
of a mighty wind. p. 315. 
Symons’s meteorological magazine. London. v. 42. Oct. 1907. 
Bonacina, L. C. W. On some of the causes and effects of atmos- 
pheric electricity. p. 169-174. 
Bates, D.C. The study of weather phenomena. p. 177-179. 
Tokyo mathematico-physical society. Proceedings. Tokyo. 2d ser. v. 4. 
no.7. Aug., 1907. 
Tanakadate, T. On the theory of the rainbow. p. 134-146. 
Archives dea aciences physiques et naturelles. Geneve. Oct., 1907. 
Stérmer, Carl. Sur les trajectoires des corpuscles électrisés dans 
l'espace sous l'action du magnétisme terrestre avec application 
aux aurores boréales. p. 317-364. 
Ciel et terre. Brusellea. 28 année. 16 oct. 1907. 
Lagrange, E. Premidtre assemblée générale de |’ Association inter- 
nationale de sismologie. p. 369-375. 
Solvay, Ernest. De la condensation électrique dans l'atmosphére. 
p. 395-409. 
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France. Académie des sciences. Comptes rendus. Puris. Tome 145. 4 Nov. 
1907. 
Luizet, M. Observation d’un éclaire en chapelet. -p. 780. 
Moyimont. Station météorologique. Publication. No. 3. 
Bracke, A. La trombe de Hallaer 20 aoit 1907. p. 45-48. 
Revue néphologique. Mons. Oct. 1907. 

Gallenkamp, W. Sur des mesures de l’evolution de la pluie. _ p. 
169-172. 

Okada, T. Vitesse de chute des gouttes de pluie. p. 172-174. 

Gaea. Leipzig. 43 Jahrgang. Dez., 197. 
— Die Erdbebengebiete und volkanreihen Amerikas. p. 722-723. 
Geographische Zeitachrift. Leipzig. 153 Jahrgang. Okt., 197. 
Berg, L. Ist Zentral-Asien im Austrocknen begriffen ? p. 568-579. 
Meteorologische Zeitschrift. Braunschweig. Bd. 24. Okt. 1907. 

Knoche, Walter. Die diquivalente Temperatur ein einheitlicher 
Ausdruck der klimatischen Faktoren ‘‘Lufttemperatur’’ und ‘‘Luft- 
teuchtigkeit’’. p. 433-444. 

Langbeck, K. Studie iiber Wirbelgewitter nach Beobachtungen 
am 20. Februar 1907. p. 444-453. 

Defant, A. Die Abhingigkeit der diffusen Wairmestrahlung von 
der Jahreszeit. p. 461-465. 

Exner, Felix M. Grundziige einer Theorie der synoptischen Luft- 
druckveriinderungen. p. 465-468. 

—— Resultate meteorologischer Beobachtungen auf Campbell Island. 
p. 468. 

Schmaues, A. Der Temperaturgang auf der Zugspitze und in 
der gleichen Seehdhe der freien Atmosphiire tiber der bayerischen 
Hochebene vom 22. bis 27. Juli 1907.  p. 468-470. 

Siegel, Franz. Regenmessungen an der Serra-Bahn (Parand) im 
Jahre 1906. p. 470 

Briickmann, W. Harmonische Analyse des tiglichen Ganges des 
Luftdruckes in Potsdam und Berlin. p. 470-472. 

Hann, J. Ueber Angots Darstellung der jihrlichen Periode des 
Regenfalles. p. 472-474. 

Friesenhof, —. Gewitter und Sonnenflecken, p. 474-475. 

Hfann}j,J. Eredia iiber den Einfluss der Appenninen auf die Regen- 
verteilung in Zentralitalien. p. 475-476. 

Hiann], J. Resultate der meteorologischen Beobachtungen zu 
Horta, Azoren. [1904-1906.] p. 476-477. 

Mitteilungen aus den deutschen Schutzgebieten. Berlin. 20 Band. 1. 

Maurer, H. Das Klima von Togo. p. 115-118. 

Ergebnisse der Regenmessungen in Togo im Jahre 1906.  p. 
118-122. 
— Ergebnisse der Regenmessungen in Kamerun in den Jahren 
1905-1906. p. 123-127. 
Giilland, A. Das Klima von Swakopmund. p. 131-164. 
Physikalische Zettachrift. Leipzig. S Jahrgang. 15 Okt. 1907. 

Gockel, Albert. Ueber die in der Atmosphiire enthaltene radivo- 
aktive Materie. p. 701-703. 

Naturwissenachaftliche Rundachau. Berlin. 22 Jahrgang. $31 Okt. 1%. 

Kriiger, —. Berichte aus den naturwissenschaftlichen Abteilungen 
der 79 Versammlung deutscher Naturforscher und Arzte in Dres- 
den, September 1907. VI Geophysik, Meteorologie und Erdmag- 
netismus. p. 564-567. 

Conrad, Victor. Ein transportabler Tropfenkollektor zur Messung 
des luftelektrischen Potentialgefiilles. p. 672-674. 

Physikalische Zeitachrift. Leipzig. 8 Jahrgang. 24 Okt. 1907. 

Kassner, C. Meteorologische Globen. p. 791. 

Wetter. Berlin. 24 Jahrgang. Okt. 1907. 

Fischer, Karl. Die Verbreitung von Nachrichten iiber die Wasser- 
stands- und Eisverhiltnisse der Fliisse durch den Sffentlichen Wet- 
terdienst in Norddeutschland. p. 217-220. 

Gerstmann, Heinrich. Zur Frage einer Wetterscheide in den 
Alpen. p. 220-232. 

Klengel, Friedrich. Die Niederschlagsverhiltnisse von Deutsch- 
Siidwestafrika. p. 232-239. 

Hemel en dampkring. Den Haag. 5 Jaahrgang. Okt. 1907. 

Everdingen, E. van. Onweersbanen. p. 85-90. 

Societa geografica italiana. Roma. Ser. 4. v.8. Nov. 1907. 

—— Il clima di Casablanca. p. 1168-1169. 


NOTE ON THE DIURNAL HEAT EXCHANGE IN A LAYER 
OF SNOW ON THE GROUND. 
By T. OKADA. 
[Reprinted from the Journal of the Meteorological Society of Japan, April, 1907.) 


The earth accumulates solar heat during the daytime, and 
gradually loses the stored energy during the nighttime, so that 
there is a diurnal heat exchange in the upper layers of the earth’s 
crust. The determination of the amount of this heat exchange 
in different kinds of soil is one of the interesting problems of 
meteorology. Already various memoirs on this subject have 
been published by several investigators. Among others, Dr. 
Theodor Homén, of the University of Helsingfors, made several 
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researches on the heat contents of such soils as humus, sand, 
and clay, and published the result of his discussion in his excel- 
lent treatise on the diurnal heat exchange in soil. Recently Prof. 
J. Schubert, of the Eberswalde Dendrological College, took up 
the subject,and completed Homén’s investigation both in theory 
and observation, so that little remains for further researches. 

In winter when snow covers the ground 1 or 2 meters 
deep, the daily heat exchange takes place in the upper layers 
of the snow, and the variations of heat content cease to be 
appreciable at a depth of a few decimeters. This exchange 
of heat in the outer layers of the accumulated snow plays an 
important role in producing the diurnal variations of tempera- 
ture in the lower part of the atmosphere. It is, therefore, of 
some interest to determine the amount of the daily variations 
of heat content in snow on the ground. The following dis- 
cussion is based upon the observations of temperature at 
different depths under the surface of the snow taken at the 
Kamikawa Meteorological Observatory, in Hokkaido.’ 

The observations were made every hour during eight days 
from the 16th to the 23d of February, 1907, in the compound 
of the observatory. The temperature was observed by long- 
stem mercurial thermometers inserted vertically to the speci- 
fied depths, and projecting a few centimeters above the surface. 
The following table contains the results of the observations: 


TABLE I.—Mean temperature (centigrade) for the eight days from February 
16 to 23, 1907, at various depths under surface of snow. 


Depth in centimeters. 





Hour 

0 5 10 20 0 
TO are 20. 91 —17.06 —12, 46 5.91 
4 rr —21. 65 —17. 80 —12. 96 —5. 97 
3 a.m —22. 40 —18. 37 —13.47 6. 06 
TN ccenh os pneensesnagsesti 22. 65 —18. 80 —15. 92 —6. 09 
5 am ...... —22. 64 —19. 07 —14. 36 —6, 12 
6 a.m 22. 40 —19,.14 —14.71 —6, 24 
7am —21.67 18. 90 —14, 86 —6, 27 
8am —I1%. 84 17. 42 —14. 76 6.31 
9 am 13.65 —14,29 14.09 —6. 37 
10 a.m — 9,81 —10. 77 12. 91 —6, 41 
Il a.m 6. OF — 8,12 11. 30 —6. 47 
12 noon 4.45 7.06 — 9,97 —6§, 49 
DORON wscsascscane © tesees — 3.77 — 5.70 — 8,76 —6. 50 
2pm... 3, 82 5. 22 7.77 6.51 
& pom... 6.19 — 5.77 7. 34 —6. 51 
4 p.m - 8,64 7.60 — 7,37 - 6.51 
Sf rT 12. 56 9. 81 7. 64 -6. 49 
© DoW cvccsevsccscecvc —14. 91 —I11. 40 — 8.55 6.44 
7pm ~15. 66 —12. 64 9. 25 —6. 36 
8 p.m —16, 40 —13. 52 — 9.96 6. 31 
9 p.m. 17. 49 14, 22 10. 55 6.21 
10 p.m. —7. 57 14. 66 11.09 —6, 21 
Il p.m - , 17. 79 —15. 02 —11.51 —6, 21 
12 midnight..... 18,45 —15. 49 11.84 —6. 19 
Mean -15, 02 —13. 24 11, 31 8. 42 —6§. 30 
Mr. J. Yamada of the observatory measured the specific 


density of snow at different depths, and obtained the follow- 
ing results as the mean of the three measurements: 


Depth in centimeters. 


i) 
a 


35 45 


15 2 


Density........ 0. 159 0. 240 0. 267 0. 306 0. 361 0. 380 


According to von Bezold’ the variation of the heat content 


°H 
of the soil per unit area is f C(0,—0,) dh, where H is the 


0 


depth of invariable temperature, #, and @, are the temperatures 
at the depth of A corresponding to the times ¢, and ¢,, and C is 
the heat capacity per unit volume. 

' From the latest Annual Report, Central Meteorological Observatory of 
Japan, this observatory is located in latitude 43° 47° N., longitude 142° 22 
E.; with altitude of barometer above sea level, 113.3 meters.—EDIToR. 

2? Von Bezold: Der Wairmeaustausch an der Erdoberflaiche und in der 
Atmosphire. 1892. Gesam. Abh. §8. 344. 
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In making the integration an accurate knowledge of the 
density and specific heat of snow in the different layers is in- 
dispensable. By simple interpolations I have calculated the 
mean density of snow for the various strata, and obtained the 
heat capacity per unit volume by multiplying the mean density 
by 0.508, the specific heat of ice. The following table contains 
the results of my computations: 


Depth in centimeters, 


0-5 5-10 10-20 20-30 
NG: QI oc kccanctntaneerenensdecesens 0. 139 0.179 0,227 0. 271 
Heat capacity, gram-cal. per em®......... 0. 0706 0. 0909 0. 1153 0. 1376 


Using the above values of heat capacity the integral has 
been evaluated. The following table contains the result of the 
summations: 


. TABLE IT. — Variation in gram-calories of heat content in snow on the ground. 


Depth in centimeters. 


Time interval. 


0-5 5-10 10-20 20-30 Total. 
Midnight to la.m........... —. 71 —0, 90 —0. 29 +0. 28 —!, 71 
ee eer —0. 26 —0. 56 —0. 39 —0.17 —1,38 
SOP. RE isckactcvacesascy —0, 24 —0, 49 —0. 41 0. 21 —1. 35 
SO SO Wiiccsveccsiavesons —0,12 —0,40 0. 36 —0.15 —1. 08 
hw =e —0. 05 0. 32 —0. 39 —0.18 —0. 94 
OD: BU cece c cuasnitoces | +0, 03 —0.19 —. 31 0, 22 —0. 69 
3 Be? eee +0.17 +0. 04 0.17 —0,12 —O, 08 
COD BR Miscacysccdscscoeal +0, 76 +0.12 —0.02 —0, 12 +0, 74 
Let yer +1, 47 +1. 77 +0. 36 —0. 05 +3,51 
© OP Or Bite inca wes tecaetaee 1. 31 +2,.14 +0.63 —0,07 +4. 01 
BD OO BS Di Wbec secs cccccecsess +1.13 +1. 94 +0. 97 0. 01 +4, 05 
ll a.m. tonoon............ | +0, 49 +1. 08 +0. 83 +0, 07 +2. 46 
Noon tol P.M 2. ccc evccvceses +0. 36 1.16 +0. 81 0. 12 +2, 45 
et SS +0,06 0.66 +0. 76 4+-0. 22 +1. 70 
SOD BPM. cccccccecss sven —0, 52 —0. 05 +0. 41 +0, 21 +0.05 
of EE lt eee —(. 76 —, 85 +0.13 0.17 —1, 31 
SW OPGiissesesicscasiass —1, 08 1.13 —0. 07 0.11 —2.17 
2 we J errr —0. 70 —1,17 —0. 40 +0. 17 2. 07 
COP FOG ccscivevecnses —0. 35 —0, 88 —0. 37 +0. 10 1,50 
Bh 2) 3 eae 0. 29 —0. 72 —0, 38 +0. 07 1. 32 
SO OP. Mie. ccccsvcccccses —0. 32 —0,58 0. 36 + 0.04 —1. 22 
OD BP Pi ORe, cncasiassaccssn —0, 09 0. 45 0. 37 —0, 07 — 0. 98 
BS CO: Fe Pe Pic csies. winescccce 0.10 0. 35 0, 32 0.10 0. 87 
ll p.m. tomidnight.  . .. —0. 20 —0. 36 0. 28 — 0. 08 —0, 92 


| 


In the above calculation the summation does not extend to the 
depth of the invariable stratum. The results given above may 
therefore be considered as the variations of the heat contained 
in the stratum above the plane 30 centimeters deep. But as 
the variation of the temperature at the bottom of the stratum 
is only 0.6°, the amount of heat which flows in or out across 
the plane amounts only to a small percentage of the total ex- 
change, and in a rough approximation may be left out of 
account. 

The total daily heat exchange in the snow on the ground is 
18.97, or, in round numbers, 19 gram-calories per square centi- 
meter. For comparison we give below the amounts of the 
diurnal heat exchange in various kinds of soil calculated by 
Doctor Schubert:* 





Kind of soil. (a) | (b) | (ce) 
Moor soil, with growing comifers ...... ....ccccsscccccscscscceses cece — } eee leawiie 
DanG call, WH UOMO GHIIOE, on ccctccads cccncdcavesnss ovpscikaccans i ee 24 
DG COG vc 6. 60660060065 kthoeeseberteatens 6. bens dunbereroeeetdeues 43 i), a 
BORE COU. c5s0ccccvesscove sosuoe oh SEReche ch oeenepaeeenendeinseesesees 80 65 | 62 
BO Inccose 


CE GOT ik bia. ken do send cccvnd suds chbe :cdddneccedenpenseopeteaesssaciseeses 


The observations were taken (a) near Lake Lojo, in 8S. Finland. in August and Septem- 
ber, 1892; (b) at the same place in August, September, and October, 1896; (c) at 
Eberswalde, in July, 1879. 


From the above table it may be seen that the heat exchange 
in snow on the ground is rather large, and is quite comparable 
with that in soil covered with vegetation. 


’J. Schubert: Der Wirmeaustausch im festem Erdboden, in Gewiis- 
sern und in der Atmosphdre. Phys. Zeit. IIIte Band. S. 118. 
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When clouds cover the sky the greater part of the solar 
rays can not reach the earth’s surface, and the nocturnal radi- 
ation of heat from the earth is also hindered. The effect of 
clouds is, therefore, to diminish the amount of the heat ex- 
change in the upper layer of the earth’s crust. In order to 
see what difference occurs in the heat exchange in the snow 
layers under consideration on clear and cloudy days I have 
computed the amounts of exchange in two selected days. As 
the clear day I have selected February 17, and as the cloudy day, 
February 23. The mean amount of cloud is 0.8 on the former 
day, and 9.7 on the latter day. On both days the diurnal tem- 
perature wave penetrated below the depth of 30 centimeters. 
The range of the temperature at this depth was 1.7° on the 
clear day, and 1.2° on the cloudy day. Hence, in calculating 
the variations of heat content the quantity of heat which flowed 
across the plane at 30 centimeters below the surface of the 
ground must be taken into account. But I have abstained 
from making such corrections in my computations, since the 
correction is certainly a small quantity, at most about 5 per 
cent of the total amount, and in such a discussion as the 
present one a knowledge of only the order of the required 
value is sufficient for my purpose. Strictly speaking, there- 
fore, the result obtained below is to be regarded as the diurnal 
heat exchange taking place in the uppermost 30 centimeters of 
a deep layer of snow. 

Table III contains the amount of the heat exchange on the 
clear day, and Table [V that on the cloudy day. 

TABLE III.— Heat exchange (gram-calories ) in snow on clear day. 


Depth in centimeters. 


Time interval, 


0-5 5 10 10-20 20-30 Total. 
Midnight to 1 a. m.. ane 0. 30 —. 64 —O. 63 —f), 28 1,85 
8 OD FG Biscccesceccces cove —0, 35 —0.77 0, 58 —. 41 —2,11 
2to 3 am...... weds Gan 0. 10 0.50 0. 52 0. 28 —], 40 
8 to 4 a.mM....... seee 0.21 —. 0. 58 —(), 28 —1. 57 
4to 5a.m...... ‘ ee 0.17 0.55 0. 52 —O,. 4 —1], 58 
5 to 6a.in..... 0. 21 0. 50 —0. 46 0. 34 —1.51 
6to 7 a.m 0, 05 0.27 —(, 29 0, 21 —O0, 82 
7to 8am ..... 1. 09 0, 86 0,23 0. 28 1.44 
8 to 9 amM......... 1. 66 1.91 0, 40 0.00 +3. 97 
9 to 10 a.m athescvésesesa +1. 67 2.73 0.63 —, 28 +4. 75 
10 toll a.m 5000 ve ceeeeses +1, 78 +2. 64 115 0.14 +5. 43 
il a.m. to noon.... , +0. 60 1,00 0. 69 0.00 +2, 29 
BOGE OO 3 Bi Misc e sovvees csece +0. 47 1. 64 1.09 0.14 +3. 34 
BO BP. Maoncccscccscccces +-0.37 1. 05 0. 86 0. 00 +2, 28 
2to 3pm. $ust cevcces —O. 51 0. 41 0. 69 +0, 21 0, 80 
8to 4pm cose seeaes 0. 46 —. 41 +0,.40 +0. 21 —), 26 
WEP Bh Madsidsescnses 1. 16 1.14 —0.58 0.14 2.74 
§ to p.m .n covesccecel —. 70 -1.14 —), 23 0. 21 —1, 86 
6 00 7 PM... ccccrccccrcers —O, 95 —1,23 —0. 35 +0. 07 —2. 46 
7to 8p.m...... cocccee —1.09 —1.64 —0. 46 0.14 —3. 05 
8 to OP. M...66-- sees 0. 54 —1,18 0. 58 0.14 —2. 16 
9 to 10 P.M .. 6 eee ceeeeeees 0,32 1.09 —O, 75 0.14 2. 30 
10 toll pm ee gub eeces —f, 28 0. 59 0. 63 0. 28 1. 78 
li pm. to midnight ewes —. 46 ), 82 0.52 0.00 —1, 80 
TABLE IV.—Heat exchange (gram-calories) in snow on cloudy day. 
Midnight to 1 a. m........... 0. 12 0.45 — 0, 35 0.14 —0, 78 
Pe Whi csccdscteccesess —4). 02 —O. 05 0.00 0. 07 0.00 
B Oe B.G Gicccoccccecccces . +0. 14 -0. 09 —0. 06 0. 00 +0.17 
Om OO Miscsucccecocvecces o.14 +O. 14 0. 00 0. 00 +0, 28 
4to Sam.......... once +0.05 | +0. 27 0.17 0. 07 +0. 56 
oe pe ee pacetand 0. 00 —0. 09 0. 00 0.14 0, 05 
GRO F B.Mrecccccccccccccces 0.10 -0.18 0.17 0,07 +0, 52 
FT OO 8 OMe cccccccccscccses +0, 30 0. 36 +012 +0. 21 +0,99 
BOD. © OiWesceccccecscencce +0. 46 +0. 77 0,29 0.00 +1. 52 
9 to 10 BM. 2... 6 cece ceenee +0, 65 1,00 +0, 46 +014 +2, 25 
10 to 11 @, MM... . 6. 6c eee cues 0. 40 0. 91 +0. 63 0. 21 +2.15 
S0 Oe. OD OOGMiccocesccccves +0. 16 0. 68 0. 46 0.00 +1.30 
Noon tol pom. ..... 0 «06. -e0e. +0. 26 +0. 50 +0, 35 +0. 14 +1. 25 
BOB BPM cccccrccccvccces 0,28 0. 00 0. 40 +0. 34 +0. 46 
2to 3p.m...... : 0.63 —0, 59 +0. 06 0.14 —1. 02 
B OD . 6 De Me 00 c00- cvcccesces 4), 60 —). 86 0.17 +0, 07 —1.56 
4 to BPM... cc ccccceeccees —0, 62 —1. 05 0. 36 0. 07 —1. 96 
5 to G6 p.m... ....00e- 4), 26 0.45 —0.17 0.14 —0. 74 
6to 7pm —. 16 0. 55 —0,29 +0. 07 —0. 93 
7 to 8 p.m.. —,19 0.36 —0, 23 0. 07 —0. 71 
8 to 9 P.M... ccc ee wen cnees —. 10 0.41 0, 29 0.07 —0, 87 
9 to 10 pM... eee cece eens —), 21 0. 36 0. 35 0.14 —1. 06 
10 to TD P.M... cece ee cece —0, 23 —O. 36 0.12 6, 00 —0.71 
li p.m. to midnight........ —0. 46 —O, 64 0.40 0.14 —1. 64 


The total amount of the heat exchange is 24.3 gram-calories 
on the clear day, and 11.5 gram-calories on the cloudy day. 
The former is double the latter. 
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A BIOGRAPHICAL SKETCH OF PROF. DIRO KITAO. 
By Dr. 8. Tetsu TamuRA, Professor of ~~ vo nad and Ocean Physics, Naval Staff 
College. 


[Extract from a memoir, printed in the Journal of, the Meteorological Society of Japan, 
September, 1907.) 


* * * Whatever the definition of human greatness may 
be, it can not be denied that all great men of science have 
made great and wonderful discoveries, and have inspired 
their pupils and followers to a nobler ambition, as contributors 
to the sum of human knowledge. Here in Japan we find an 
excellent example of such a man in Professor Doctor Kitao, 
the profound mathematician and original thinker, who has 
just past away from us (on September 7, 1907), but whose 
masterful work has left a lasting impression on the progress 
of theoretical meteorology and mathematical physics. 

Prof. Diro Kitao was born in Matsue in the province of 
Izumo, on the fourth of July of the memorable year 1853 when 
Commodore Perry first visited Uraga. His father, who was 
a physician, was called Kwanyu Matsumura, and the early 
name of Professor Kitao was Rokujiro Matsumura. Young 
Rokujiro, or Diro, as he was called later, early developed a 
bent for serious study, and at such a youthful age as ten his 
rare gifts marked him out as a genius of great promise. It is 
said that, when yet so young, he already became a master of 
Chinese classics and history, and wrote several beautiful poems. 
The attention of Zenichiro Kitao, then a famous scholar of the 
Dutch language, was attracted by the precosity of the young 
boy, and finally the elder scholar adopted him and sent him 
to the schools in Tokyo and Osaka. After some preliminary 
training at both these places, Diro Kitao was, in 1870, sent 
by the government to Germany for study. He went thru the 
gymnasium at Berlin in 1873 and then entered the University of 
Berlin to study mathematical physics under Helmholtz. Later 
he was identified with Gottingen University, where in 1879 he 
wrote a remarkable inaugural dissertation, “ Farbenlehre ’’, and 
took the degree of doctor of philosophy with honors. Doctor 
Kitao continued his study in Germany for four more years, and 
it was in one of those years that he invented the Leukoskop and 
that he met the present Frau Louise Kitao and was married 
to her. After an absence of fourteen years he returned to his 
native land with his German wife. During his long stay in 
Europe Doctor Kitao experienced a great many pecuniary 
difficulties and even adversities; for tho for the first one or 
two years he was supported by the Japanese Government, 
later he had, owing to a change of our governmental system, 
to support himself by teaching mathematics to lower students 
or by writing for German magazines and newspapers. It is 
said that an American Consul to Germany, Mr. Mayer, was 
greatly interested in Doctor Kitao and assisted him in many 
useful ways. How hard it is for one to be in such circum- 
stances in a strange country can scarcely be realized except 
by experience. 

The result of his hard study and perseverance was made 
apparent when, on his return to Japan in 1884, Doctor Kitao 
was appointed lecturer and soon after promoted to the profes- 
sorship of physics, in the Imperial University of Tokyo. It 
was still more apparent when, in 1886, he was appointed pro- 
fessor of physics in the Tokyo Agricultural School and, in 1888, 
professor of meteorology in the Naval Staff College, while 
retaining his older position in the Imperial University. In 
1890 the Tokyo Agricultural School was made a part of the 
Imperial University as the Agricultural College, and Doctor 
Kitao became professor of forest physics and meteorology in 
the college. This last position he held till recently. In 1891 
he received the honorary degree of doctor of science from the 
university. 

The following is the record of his published papers: 


1. Zur Farbenlehre. 
(Eine Inaugural-dissertation. Berlin, 1879). 
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2. Leukoskop, seine Anwendung und seine Theorie. 
(Abhandlungen des Toky6é Daigaku. Universitét zu Toky6). No. 
12, p. 1-102. 1885. 
3. Beitrige zur Theorie der Bewegung der Erdatmosphiire und der 
Wirbelstiirme. The Journal of the College of Science, Imperial Univer- 


sity, Tokyo. 
Erste Abhandlung. Vol. I, Part II, 1887, p. 113-209. 
Zweite Abhandlung. Vol. II, Part V, 1889, p. 229-412. 
Dritte Abhandlung. Vol. VII, Part V, 1895, p. 293-402. 

4. Ueber die Darstellung der Analytischen Gleichungen fiir Nicht 
Homogene Curven und Flichen. 

Tokyo Sigaku-Buturigaku kwai Kizi. Maki no. V, Dai 3, 1894, 
p. 136-166. 

5. Ueber die Integration der durch die Fourierschen Doppelintegrale 
darstellbaren Discontinuirlichen Functionen. Ditto, p. 167-174. 1894. 

6. Eine Methode, Mittelst zweier rechtwinkeligen lineale Cubikwurzel 
zu finden. Ditto, p. 175-176. 1894. 

7. Ueber die Transformation des Ausdrucks Ao aus linien, welche die 
Oberflichen ¢—=const. senkrecht durchsetzen. Ditto, p. 177-180. 1894. 

8. Ueber das Gesetz der Reibung. Ditto, p. 181-189. 1894. 

9. Ueber die electrischen Messungen. Ditto, 190-214. 1894. 

10. Ueber die Wasserbewegung in Béden. Bulletin, Vol. III, No. 1, 
p. 1-113. College of Agriculture, Imperial University. 1897. 

11. Ueber Schwinden und Quellen der Hélzer. Ditto, Vol. III, No. 4, 
p. 299-270. 1898. 

12. In wie ferne kann man das Holzals ein isotroper Korper betrachten ? 
Ditto, Vol. V, No. 1, p. 1-39. 1902. 

The most important work of Professor Kitao is, no doubt, 
his “ Beitrage zur Theorie der Erdatmosphare und der Wirbel- 
sturme’”’, comparable with the elegant analysis of Oberbeck 
and Helmholtz, in fact reminding us remarkably of the work 
of Kirchhoff. This elaborate memoir, which covers some four 
hundred pages, was published in three volumes, Volume I in 
1887, Volume IT in 1889, and Volume ITI in 1895, in the Journal 
of the College of Science of the Tokyo Imperial University. 
On account of its great length and of its highly mathematical 
nature, it is impossible to reproduce here all its important 
results; but it may be worth while to give the title of each 
part. The first volume (§ I-VII) contains the introduction 
and the discussions of hydrodynamic equations with consider- 
ation of the earth’s rotation; the general differential equations 
for the motion of the atmosphere; the general relations between 
isodynamic lines, wind-directions and vortex-axes; space inte- 
gration; the equations of atmospheric motions under special 
assumptions; vorticular motions of the atmosphere; circular 
cyclones and anticyclones. The second volume (§ VIII-XI) 
treats of a vortex field of rectilinear isobars; the formation of 
complex vortices in the atmosphere; special motion in a vortex 
field; the change of wind-direction, strength, and pressure for 
a given external point in the case of a double vortex forma- 
tion. The third volume (§ XII-XIV) treats of the condition 
for a stationary vortex when two vortices exist; vertical atmos- 
pheric circulation; variable vortex formation in the atmosphere. 
One great characteristic of all the work of Professor Kitao was 
the reduction of the number of hypotheses to the fewest pos- 
sible. From this point of view it seems to be the surest guar- 
antee of the permanency of his work. 

Why is it that the advancement of modern meteorology is 
so slow? Is it because of the lack of complete meteorological 
data, notably in the upper regions of the atmosphere, or be- 
cause of the complexity of atmospheric phenomena? Will nat- 
ural difficulties never yield to mathematical analysis until new 
methods of analysis shall have been developed? Whichever 
the case may be, meteorology needs for its future advance- 
ment the highest mathematical ability, like that of Professor 
Kitao. During the last quarter of the nineteenth century a 
vast mass of meteorological observations was piled up, and 
this accumulation is going on without end and at great expense 
in every civilized country. A man of mediocre ability can 
observe and collect facts, but it takes the exceptional man of 
great mathematical and logical power to draw legitimate the- 
ories or conclusions from observations, or to work out the best 
results from them. Observers and practical meteorologists 
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express the results of their observations by graphic methods; 
but such methods are entirely destitute of generality, so that 
if we take analytical theory from the present meteorology we 
shall leave little but a heap of unrelated facts. The remark- 
able work of Professor Kitao, however, tells us that mathe- 
matical analysis discovers the hidden chain which unites facts 
so widely distant from each other that ordinary reasoning 
could not even suspect their connection. True, such scientific 
achievements are not, perhaps, of the type which most easily 
commands general attention. They have not yet been utilized 
in weather-forecasting or in storm-warning. Moreover, the 
papers written in difficult mathematical language can not be 
read easily. These may be the very reasons why Doctor 
Kitao’s papers have been read by only a small group of scien- 
tists. But such investigators are greatly needed in the future 
advancement of modern meteorology. By his untimely death 
the world of meteorology has sustained one of its greatest losses. 

Here, however, I must cut short this inadequate account of 
what the scholar did, that I may say a word or two of what the 
man was. The extraordinary powers of mind of Professor 
Kitao were illustrated by the fact that while he accomplished 
in the difficult fields of mathematics, physics, and meteorology 
enough to secure his lasting fame, he was able to turn his 
attention to an entirely different field, the domain of literature 
and arts. In the first place, Doctor Kitao was an excellent 
German writer. The fact may clearly be recognized in all his 
writings and especially in his profoundly interesting novel, 
“ Waldsnymphe ”, which is left unpublished. This splendidly 
written German novel consists of fifteen volumes of about one 
thousand octavo pages each, illustrated with one hundred 
beautiful pen pictures of his own. Professor Kitao was also a 
good musician, and especially a skilful pianist; he was a very 
happy man when playing on the piano with Frau Kitao in the 
evening. Thus it may be seen that Doctor Kitao was a man 
of many attainments. He was at once a great mathematician, 
physicist, and meteorologist, while he was also an excellent 
writer, painter, and musician. Altho a man of the quietest and 
simplest manner and of the highest character, he often changed 
into an eloquent speaker, and no one could meet him without 
feeling the charm of his personality, when his interest was 
once aroused in any subject. Professor Kitao was always 
kind and cordial to his students; moreover his great origi- 
nality and extraordinary powers of intuition made his lectures 
most inspiring to advanced students. 

Unfortunately I was so young before I went abroad that I 
had scant opportunity to be personally acquainted with the 
great scholar himself, and when I returned to Japan, after an 
absence of nine years, Professor Kitao was seriously ill and 
had already given up his active service to science. But he 
has been an ideal teacher, a source of inspiration to me, during 
the last fifteen years. When I was yet a pupil in a middle 
school, I learned for the first time the name of Doctor Kitao 
as a great mathematician. While a student at Aoyama, I 
often saw a large and distinguished-looking man pass by our 
school; and when I was told that he was Doctor Kitao return- 
ing home from his college, one can hardly imagine how happy 
I, a poor boy but a student of mathematical turn, was! It 
was, indeed, my daily enjoyment, tho childish, to stand by my 
window and watch the great mathematician walk or ride on 
the avenue along our campus. ‘I had also a good opportunity 
to read the splendid lectures on higher mathematics delivered 
by Professor Kitao thru the courtesy of a friend who was one 
of his students at the College of Agriculture. My greater 
admiration of him, however, was excited far away in America 
and Europe. When I was studying mathematical physics and 
later meteorology under Gibbs, Woodward, and Abbe, and 
when I met many eminent scientists, the name and work of 
Doctor Kitao were always highly praised, and I felt as proud 
of him as if my own master was lauded to the sky. It was 
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especially his American friend, Prof. Cleveland Abbe, who 
aroused my interest in meteorology and called my attention 
to his great meteorological work. Just a year ago I returned 
to Japan with great enthusiasm and sweet anticipation of 
seeing our eminent mathematician and meteorologist and of 
studying under his personal guidance; but alas! I found him 
intellectually dead. It is, however, a great privilege and 
honor to me that I now hold the chair of meteorology at the 
Naval Staff College which Professor Kitao once occupied and 
that the task of writing his memoir has fallen to my hand. 

It is certainly a great misfortune that both his greatness 
and his work, like those of my former master, Professor J. 
Willard Gibbs, were not fully appreciated in the world, and 
were really very little known to laymen as well as to scientists 


in Japan. * * * 
H. C. RUSSELL.' 


The announcement of the death of Mr. H. C. Russell, who 
for nearly forty years was among the foremost representatives 
of science in the colony of New South Wales, has been received 
with great regret by many men of science. Since 1870 he held 
the post of government astronomer and director of the Sydney 
Observatory, in succession to Mr. G. R. Smalley, and in that 
capacity rendered most important services to the colony. His 
first duty on appointment was to organize the resources of the 
colony for the observation of the transit of Venus. With small 
funds, little skilled assistance, and short time for preparation 
he nevertheless succeeded in equipping several stations in a 
highly efficient manner, reflecting great credit upon the readi- 
ness of the colonists and the exertions of the observatory staff. 

Thenceforward the observatory pursued a course marked by 
continually increasing usefulness, culminating in the accept- 
ance of a share in the international photographic chart of the 
heavens. * * * 

But most of all the colony is indebted to him for his organi- 
zation of the meteorological service. He had charge of a dis- 
trict of the climate of which little was known, and as the colony 
extended and the population occupied areas of unexplored 
country, he had to widen the range of his inquiry in order to 
supply the necessary information to intending settlers. The 
long series of observations that he published on climate factors, 
especially those having reference to rain, evaporation, and state 
of the rivers, attest to his industry, his powers of organization, 
and his recognition of the requirements of a young and rising 
colony. He put it on record that when he assumed office there 
were but five rain-gauges in the colony. On his retirement 
there were something like two thousand. His discussion of 
the results has scarcely been as happy as his collection. He 
seems to have relied upon statistical methods rather than on 
physical facts, and in this way was led to suggest a theory 
which would make the amount of precipitation depend upon 
the moon’s nodes. These cycles are shown very distinctly 
over the few years that he was able to bring under discussion, 
but his explanation has not been generally accepted. This is 
a small matter in comparison with the value of the informa- 
tion which he was able to furnish, and which has contributed 
in no small degree to the prosperity of the colony. This col- 
lection of observations will be of the greatest service in subse- 
quent inquiries. 

Mr. Russell has left a character for industry and closeness 
of application that can not but prove stimulating to future 
astronomers in the southern hemisphere. He was much 
esteemed by many friends in this country, who regretted his 
retirement from the observatory; and besides being a Fellow 
of the Royal Society, to which he was elected in 1886, he was 


' Part of an obituary notice signed ““W. E. P."’, printed in Nature 
(of London), issue of March 7, 1907. Mr. Russell was a member of the 
International Meteorological Committee. His death occurred at Sydney, 
Australia, February 22, 1907.—Eprror. 
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a member of many learned bodies, and was well known as a 
contributor of frequent and welcome papers. 


AN IMPORTANT METHOD IN AERIAL RESEARCH. 


As many individuals in this country wish to do something 
in connection with the recent development of the study of the 
free air, the Editor takes pleasure in commending to their atten- 
tion the following translation of an article by Doctor de Quer- 
vain, the enthusiastic assistant to Professor Hergesell as sec- 
retary of the International Union for Aerial Research. De 
Quervain'’s success in Europe in keeping sight of a small bal- 
loon (with the help of a special telescope) demonstrates that 
still better work can be done in the clear air of our prairies 
and mountain plateaus, where especially we need to know more 
about the upper currents, and where de Quervain’s methods 
are the least expensive and troublesome of all as yet devised. 

In this connection it is worth noting that the need of a bet- 
ter knowledge of the upper currents, the altitudes of clouds, 
etc., led the Editor to urge the use of pilot balloons in 1871, 
but an adverse report hindered the work. In 1872 he fitted 
out the Florence arctic expedition with the necessary instruc- 
tions, including the method for determination of the vertical 
velocity at each ascension, but it afterwards appeared that the 
hydrogen gas apparatus was left on shore at New London. In 
1889 he carried a large supply of balloons on the cruise of the 
Pensacola round the Atlantic, but the carboy of sulfuric acid 
frequently made trouble on the deck of the vessel and was soon 
thrown overboard, so that the work had to stop. (An order 
to send the carboy “below” was interpreted by the crew to 
mean ‘Davy Jones’s locker’’!) 

There are many difficulties in store for us, but we must do 
the best to overcome them, and make every possible effort to 
use balloons and kites in the study of the atmosphere. A con- 
venient apparatus for filling small balloons with hydrogen can 
be bought of the dealers in New York, N. Y., and many chemi- 
cal laboratories have something equivalent. We hope to hear 
of these being used for meteorological work.—C. A. 


A PROPOSAL THAT PILOT BALLOONS BE MORE GEN- 
ERALLY USED IN MAKING METEOROLOGICAL OB- 
SERVATIONS. 


By Dr. A. de QueRvaArN. Translated from Das Wetter, May, 1906, by Dr. C. Abbe, jr 


In investigating the free air it is just as important to have 
a knowledge of the direction and velocity of the air currents 
at different levels as it is to know the distribution of tempera- 
ture. In many cases accurate cloud observations yield us 
fairly accurate information concerning the directions of these 
currents. Such observations are yet more valuable if the ob- 
servatory is also in a position to measure the altitudes of the 
clouds. 

On fine clear days the atmospheric currents even at great 
altitudes may be studied most advantageously by determining 
trigonometrically the course of a sounding balloon with the 
aid of some appropriate instrument. Such a series of obser- 
vations presented so many practical difficulties, especially in 
the case of Assmann’s rubber baloons, which are now gen- 
erally used, that until recently no one had undertaken them. 
Since the accurate study of atmospheric currents has long 
seemed to me to be of the greatest importance, I have, during 
the past five years, made numerous practical attempts to work 
out a method for doing this. Finally, with the support of the 
firm of J. and A. Bosch, of Strassburg, I succeeded in construct- 
ing a special theodolite’ by the aid of which I found it pos- 
sible on clear days to determine the path of a sounding bal- 
loon with certainty and convenience up to altitudes of over 
16,000 meters, and to horizontal distances of over 60 kilo- 


'See the detailed description in Zeits. Inst’kunde, 1905, p. 130; 
and Met. Zeit., 1906, p. 149. 
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meters. Thus it was that in my first trial of the new instru- 
ment, while following in the usual way a sounding balloon of 
the Strassburg Meteorological Institute, I was able for the 
first time to show that there is a change in the direction of the 
air currents at the level of the well-known inversion layer at 
12,000 meters.’ I had already, with an experimental model at 
an earlier date, succeeded in showing that a balloon followed 
a peculiar looped path at this same level,’ a conclusion that 
has since received interesting confirmation in the observations 
made by Dr. A. Wegener, with one of my instruments, at the 
Lindenberg Aeronautical Observatory.‘ 

Since this new method of observing has yielded the best 
results from the very beginning, both in these and other cases, 
there is no doubt but that in the future this determination of 
the balloon’s path will everywhere form a part of the regular 
program during the ascension of sounding balloons. I would 
here make special mention of the plan proposed by Professor 
Assmann, that there be a month of daily ascents of sounding 
balloons during the Milan Exposition, and that, as far as pos- 
sible, the courses of all the balloons be determined by this 
instrument. The most interesting revelations concerning the 
atmospheric circulation above that region [northern Italy] are 
to be expected from the carrying out of such a plan. 

It is evident that such numerous flights of sounding balloons 
can be made only where unusual means are at hand. Itis pos- 
sible, however, to secure an important portion of the results, 
viz, a knowledge of the motions of the atmosphere, at a much 
smaller cost simply by using pilot balloons. As soon as my 
theodolite was completed I began trials to determine the dis- 
tance and the height to which the ordinary child’s toy bal- 
loon of different sizes could be followed. The favorable 
results then obtained led to further trials’ with somewhat 
larger balloons, at the Meteorological Institute in Strassburg, 
andin Zurich. These experiments showed that, under favorable 
circumstances, balloons smaller than the usual sounding bal- 
loon and costing only 4 or 5 marks, can be followed to altitudes 
of more than 8000 meters, while in clear weather it is always 
possible to follow them to about 5000 meters. If slightly 
larger balloons were used no doubt the atmospheric currents 
could be studied up to altitudes of about 10,000 meters. I 
believe that there is a field here for very valuable observations 
at those institutions which have but modest means at their 
command. By observations of such pilot balloons the move- 
ments of the atmosphere may be accurately determined to great 
heights on many and indeed on most days of the year, at rela- 
tively small cost and labor. * * * The accuracy of these 
determinations depends, first of all, upon an accurate knowl- 
edge of the balloon’s ascensional velocity, and this may be 
reliably determined to within 5 per cent in individual cases. 
The degree of accuracy of the resulting horizontal velocity 
will be in a similar ratio. Cne can see that the attainable 
accuracy is quite sufficient for the purpose and wholly so for 
present needs. An accurate comparison of the ascents of 
sounding balloons at Strassburg shows that they maintain a 
very uniform vertical velocity, and Professor Hergesell has 
shown that such is also the theoretical expectation. 

It is not at all necessary that the heavens be perfectly clear 
during the ascension of a pilot balloon. If the clouds are not 
too low down one may rest satisfied with determining the air- 
currents up to the cloud level. The altitude of the clouds 
may be pretty accurately deduced from the time at which 
the balloon disappears in them; and this, together with the 
determination of the relative velocity of the clouds, gives ac- 
curately the actual velocity of the cloud layer. In the num- 
erous cases where the sky is covered with alto-cumulus or 


?See Beitriige zur Physik der freien Atmosphiire, Bd. 1, p. 143. 

‘Ibid., p. 47. *Ibid., bd. 2, heft 1. 

®5It should be recalled that von Sigsfeld and Professor Kremser both 
put this idea into execution thirteen years ago, using paper balloons. 
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alto-stratus the balloon will have already attained a consider- 
able height before it reaches the cloud. Even on days when 
the sky is almost completely covered with low-lying clouds, it 
is very often possible to seize a half hour when at least the 
lower layers break up for awhile and permit a successful pilot- 
balloon flight to be made. 

In order to gain even an approximate idea as to how many 
days in the year might be appropriate for such experiments 
I have compiled for Zurich, Strassburg, Berlin and Milian, the 
frequencies for two years of such days as showed five-tenths 
or less cloudiness at at least one of the three observation 
hours. For Milan I took from the decade-summaries the days 
having “cielo sereno” and ‘mista senza precipitazione’’, 
which probably gave comparable but too small values. It may 
be assumed that on such days there may always be found a still 
more favorable moment for the attempt than at these special 
hours of observation. The numbers of such favorable days 
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These numbers should be considered rather as minimum val- 
ues. On the other hand many difficulties may occur which 
are independent of the weather. Hence, in calculating the 
cost of a station which is to take advantage of all favorable 
conditions, one may count on about 200 observations per year. 

Suppose, further, that balloons be used which cost five 
marks apiece and have an ascensional force of 150 to 250 
grams, their ascensional velocity being 4 to 5 meters per sec- 
ond, these permit of being readily followed to altitudes of 
4,000 or 5,000 meters and higher. On days when the clouds 
hang lower, smaller balloons, costing four marks, would be 
used; and in perfectly clear weather somewhat larger ones, 
which can possibly be followed to altitudes of 10,000 meters. 
We shall not here consider those cases where specially large 
balloons would be risked in order to send them above the 
the level of the upper inversion stratum and the cirrus 
clouds. The annual cost, under ordinary conditions, would 
thus amount to about a thousand marks ($250) for the pilot 
balloons, and 50 to 100 marks, according to circumstances, 
for producing the hydrogen gas. Further, each ascent would 
occupy two persons for about one hour, and in addition one 
or two hours would be required for the (immediate) working 
up and plotting of the balloon’s path. In regard to this lat- 
ter point it may be remarked that frequent practise in such 
observations would lead to many simplifications, e. g., the 
proper foresight in preparation and in the making of the 
observations. Simple trials would enable one to determine, 
once for all, what ascensional force produced a given ascend- 
ing velocity, e. g., 5 meters per second. It would be an easy 
matter to devise some filling device which would almost auto- 
matically close the balloon as soon as it had acquired the de- 
sired lifting power, thereby avoiding the necessity of repeat- 
edly testing and trying before getting the right amount. 
Again, in observing the flight of the balloon one would have 
to form the habit of making readings, not at irregular times, 
but rather at every whole minute, for example. In this way 
certain even levels for the calculations would be fixt in ad- 
vance, and by using appropriate summary tabulations of the 
proper goniometric functions (to three decimal places and to 
tenths of a degree) the calculations could be performed sys- 
tematically and rapidly, sometimes even during the flight itself. 
The proper course will be to plot the locations of the nadir of 
the balloon graphically in rectangular coordinates, and take the 
course and velocity from this horizontal projection. Perhaps 
it would be still simpler to avoid all calculations by adopting 
a procedure similar to that followed at Blue Hill during the 
year of international cloud observations. In this method one 
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simply places a very small theodolite provided with an index 
arm, reading to 1/10 degree, directly over the origin of the 
coordinates on the drawing paper, and sights upon a divided 
rule supported vertically. Better still would it be to set the 
small theodolite at the reading, for any moment, of the large 
instrument with which the balloon is observed, and then 
bring the mark on the divided rule corresponding to the alti- 
tude at that moment, into the line of sight of the theodolite. 
The sharp point marking the location of the foot of the rule 
would then indicate the position of the vertical projection of 
the balloon or its nadir. There is no doubt that, with a little 
practise, the path of the balloon could be graphically plotted 
in a few minutes by this method. However there would be 
a certain amount of difficulty when the angular altitude be- 
came very great, and in general for the first few points of 
every path traced. Whichever method be selected, the ob- 
server will have to accustom himself to carrying out the 
measurements in a definite routine and an intelligible way. 
I foresee the time when the watchman of many a meteoro- 
logical observatory will perform these duties in the same 
apathetic way in which he now goes about the routine of the 
periodic observations which today constitute the observational 
portion of the observatory duties. 

At first, to be sure, one will regard the reduction of each 
new observation as a novum atque inauditum, as regards its 
results. Yeteven if such regular observations and measure- 
ments are inaugurated at only a single station, the expense and 
trouble entailed would be richly repaid, especially at locali- 
ties having fine weather, by the incomparably more accurate 
knowledge thus gained, as compared with our present know- 
ledge concerning changes in the direction and velocity of the 
wind with increasing altitude. What splendid support such 
a series of measurements would afford to works like the ad- 
mirable investigations into the circulation of the atmosphere 
by H. Hildebrandsson*®. How much more excellent support 
would be furnished if we had simultaneous observations 
from a number of stations. Many, and perhaps those pre- 
cisely who have the progress of meteorology most at heart, 
will be somewhat skeptically inclined toward a proposal for 
new simultaneous international observations. Ever new de- 
mands, and where is the fulfilment of earlier promises? 

In reply, it must first of all be emphasized that the present 
case does not seem to call for any special prearrangement or 
international preparation beyond an occasional arrangement 
among those actively interested so that the results may be 
published as soon as possible. It is superfluous to make any 
special agreement as to dates for the flight trials, since the 
observations are to be made on every day that is in any 
degree favorable for them, and hence they are necessarily as 
simultaneous as it is possible for them to be. 

To those whose past experience induces a certain hesitancy 
toward these new proposals I would present the following con- 
siderations. In the case of the international simultaneous 
observations in the free air as thus far carried out, with which 
one mentally connects my present proposition, we are dealing 
with measurements which demand extraordinary care if the 
quantities that it is intended to measure are to be truly com- 
parable. This can not be secured thru the improvement of 
the instruments alone. The sources of error are so numerous 
and so great that unless each and every point is taken account 
of in the handling of the instruments and the calculation of 
the results, the resulting uncertainties will exceed the very 
differences which it is desired to determine. Unfortunately, 
it has also been found that the requisite many-sided painstak- 
ing qualities and the delicate sense of the physicist are not pos- 
sest by every one, and cannot be purchased with the instru- 
ment from the manufacturer. If then, and chiefly for these rea- 

‘1 refer particularly to the second part of his ‘‘ Rapport sur les ob 
servations internationales de nuages ", Upsala, 1905. 
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sons, the above-mentioned international arrangements have 
not yet met with the unqualified success which was once ex- 
pected of them, and if the more accurate discussion of their re- 
sults has been so far delayed precisely because they are believed 
to be not perfectly comparable—still similar doubts should not 
be transferred to the simpler simultaneous observations which 
I here propose. To be sure, even these observations demand 
a certain degree of care, as do all that are to be of any value 
at all. But the sources of error are much more limited and 
the possible errors are of much smaller magnitude as com- 
pared with the quantities to be measured. The procedure is 
indeed a right simple one: determine the buoyancy or ascen- 
sional force of a balloon, sight the telescope, read a clock and 
a coarsely divided circle; all these manipulations demand only 
a fairly delicate physical sense (the light touch and sharp eye 
of a good observer); and if they are carried out by a man who 
is at all conscientious in his work can not well fail to be suffi- 
ciently well executed. One is therefore justified in assuming 
that, in general, we shall not have to deal with results which 
may be accepted “only with great caution ”. 

The measurements under discussion possess the further ad- 
vantage that the results can be deduced and applied immediately 
after the experiment, an advantage so much emphasized as at- 
taching also to the otherwise very troublesome kite flights. 
Without indulging in unfounded hopesI seriously expect to find 
such pilot-balloon observations of some value in weather fore- 
casting. It is true that the evidence for this is as yet lacking, 
because I have no materials on which to base the statement. 
General considerations, however, make it quite clear that pre- 
cisely at the times of change from fair weather to rain, which 
are the special difficulties of the forecaster, there must occur 
changes in the upper circulation whose significance would 
thereby be learned. To all earnest, experienced forecasters, 
to all those who do not approach their predictions in the 
spirit of Kepler when casting horoscopes, but who would en- 
deavor to attain the attainable, I would put this question: “Do 
you believe that in the presence of that sudden, recent change 
of weather the accurate knowledge of the wind’s direction 
and velocity at levels of 5000 to 10,000 meters would have 
aided you in forecasting”? If the answer is “yes”, then I 
would say that in the future this knowledge may be cheaply 
and readily secured. If the answer be “no”, than I would 
ask: “ What attainable data would be of help?” 

For the present it is to be urgently recommended to all 
institutions and private students who are in any wise able to 
carry them out, that they inaugurate continuous and regular 
observations of pilot-balloon flights. The results will soon 
prove to have a purely scientific value and probably will also 
be of importance in forecasting. 


HERMAN DECLERC@Q STEARNS. 


By G, A. CLARK, Secretary Leland Stanford Junior University, Palo Alto, Cal. 
Dated November 15, 1907. 

Herman Declercq Stearns, associate professor of physics in 
Leland Stanford Junior University, died of tuberculosis on 
October 21, after an illness of four years. Professor Stearns 
was born in Joliet, Il, September 14, 1865. His preparatory 
education was gained in the public schools of Joliet. After 
graduating from the high school he became a teacher, and 
taught for some time in the Joliet High School, later becom- 
ing principal of the public school at Lake Forest, Ill. He 
entered Lake Forest University with the class of 1892, but 
left in 1891 to enter Stanford University, which opened that 
year. He took his A. B. degree at Stanford in 1892, and his 
A. M. degree in 1893. He was made instructor in physics in 
the university in 1893, assistant professor in 1896 and associ- 
ate professor in 1900. He was a student in the University of 
Berlin during the academic year 1897-98, where he gave most 
of his time to the study of meteorology under von Bezold. 
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Professor Stearns excelled especially as a teacher of physics. 
He published but few papers, principally on the phenomena 
of thunderstorms.' His best known piece of experimental 
work was in the determination of the magnetic susceptibility 
of water, the results of which were published in the Physical 
Review of January, 1902. 

Professor Stearns was married in 1894 to Miss Florence 
Curry of Streator, Ill., who survives him. 


THE LAGGING OF TEMPERATURE CHANGES AT GREAT 
HEIGHTS BEHIND THOSE AT THE EARTH'S SURFACE 
AND TYPES OF PRESSURE CHANGES AT DIFFERENT 
LEVELS. 


By Henry Heim CLayton, meteorologist of the Blue Hill Observatory. 
, Park, Mass., November 30, 1907. 


Dated Hyde 


By permission of Prof. A. Lawrence Rotch, director of the 
Blue Hill Observatory, I am able to publish, in advance of a 
more detailed discussion by me in the Annals of the Astro- 
nomical Observatory of Harvard College, a few results of 
interest derived from a study of the records obtained with 
sounding balloons launched from St. Louis, Mo. 

One of the earliest facts disclosed by the records obtained 
in the free air with kites at Blue Hill was that changes of 
temperature occur earlier at heights of 500 to 1000 meters 
than at the earth’s surface.'' It had also previously been dis- 
closed by a study of the observations on Mount Washington 
that changes of temperature usually occur earlier at the sum- 
mit than at the base.* In a recent number of the Monruty 
Wearner Review,’ Prof. C. H. McLeod proposes to predict 
weather changes from observations on Mount Royal, Mon- 
treal, which show the coming of weather changes earlier there 
than at low stations. 

Long before the fact of the earlier coming of temperature 
changes at heights of 500 to 1000 meters had been established, 
it was inferred that a change of temperature would occur first 
in the upper air because the upper currents move so much 
faster and overflow those below. This assumption has been 
used for many theoretical explanations of thunderstorms, tor- 
nadoes, waterspouts, and even of general storms. However, 
the recent records obtained at St. Louis with sounding bal- 
loons, by the staff of Blue Hill Observatory, show that at all 
heights except within about 1000 meters of the earth, the 
temperature changes occur successively later with increasing 
height above the ground. This fact is best shown by the 
records for April and May, 1906, because this series of obser- 
vations is more complete and for a longer interval than any 
other yet obtained at St. Louis. The balloons were liberated 
by Mr. S. P. Fergusson near sunset each day, and the highest 
point, varying between 3 and 15 kilometers, was reached 
between 7 and 9 o’clock. Records were obtained on every 
day from April 28 to May 19, with the exception of three days. 
These records make it possible to follow the changes of tem- 
perature from day to day at different heights. The temper- 
atures on different days at successive heights of 5 kilometers 
are shown in Table 1, and the results are plotted in Fig. 1. 

It is apparent from the table and from fig. 1 that maxima 
and minima in temperature occur very considerably later in 
the upper air than at the earth’s surface. What appear to be 
similar maxima and minima at different levels are marked by 
similar numerals, /, 2, 3, ete., in fig. 1. 

By comparing the temperature maxima and minima at the 
ground, 167 meters above sea level, with the maxima and 
minima at 10,000 meters, it is seen that the maxima and minima 


'See Monthly Weather Review, October, 1898, vol. 26, p. 452, ‘* The 
effect of proximity to the sea on thunderstorm periods.” 

'See Blue Hill Meteorological Observatory Bulletin, No. 2, 1898, p. 2; 
also Annals of the Astronomical Observatory of Harvard College, vol. 
XLII, part I, 1897, p. 107. 

?See American Meteorological Journal, vol. IV, p. 268, 1887. 
*’ November, 1906, vol. XXXIV, p. 505-510. 
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at 10 kilometers occur almost constantly about twenty-four 
hours later than at the ground. The observations are not 
in sufficient detail to show whether this retardation is gradual 
from level to level or occurs in irregular steps; but apparently 
the change is not gradual. The maximum marked 4 occurs 
simultaneously at 5000 and at 10,000 meters, but occurs there 
about a day later than at the ground. On the other hand the 
maximum marked 8 occurs simultaneously at the ground and 
at 5000 meters, but occurs a day later at 10,000 meters. How- 
ever, as observations were taken only once a day it is not pos- 
sible to follow any gradual shifting occupying only one day. 
The observations at the height of 15,000 meters were not suf- 
ficiently numerous to follow the changes easily, but apparently 
the irregular ranges of temperature at this height are very 
much less than at sea level. From May 2 to 10, inclusive, 
records were obtained at each level from the ground to 10 
kilometers, and during part of this time there were records at 
15 kilometers also. The means of the changes of temperature 
from one day to another at different levels are found to be as 
follows: at the ground, 6.0° C.; at 5 kilometers, 5.2°; at 10 
kilometers, 7.1°; and at 15 kilometers, 2.9°. These results 
indicate that the irregular changes of temperature reach a 
maximum at 10 kilometers, and suddenly decrease at 15 kilo- 
meters. Between these two levels there is found a marked 
inversion of temperature in both Europe and America; the air 
at 15 kilometers is warmer than that at 13 to 14 kilometers, 
and it may be that the changes in temperature in the two 
strata have little in common. 
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F1a. 1.—The temperatures at successive heights above sea level derived 
from records obtained with sounding balloons ascending from St. Louis, 
Mo., April and May, 1906. 
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Fia. 2,— The pressures at successive heights above sea level derived from 
records obtained with sounding balloons ascending from St. Louis, Mo., 
April and May, 1906. 

The mean pressures at different heights from sea level to 15 
kilometers are given in Table 2. In obtaining these results 
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the observed pressures at St. Louis were reduced to sea level, 
and the pressures at 10 kilometers were reduced to 15 kilo- 
meters on the days when there were no records at 15 kilometers, 
using for this purpose the mean observed difference in tem- 
perature between the two strata. The pressures at all other 
heights were derived from the records of the sounding balloons. 
TABLE 1.— Temperatures at different heights above sea level derived from 
records obtained with sounding balloons sent from St. Louis, Mo., 167 meters 
above sea level. 


Date. Hour. Height, |T tune = Date Hour. He'ght. t —_— 
, 
190€. PM Veters hs 1906, PM. Meters c. 
April 28 ‘ 7:33 167 24.4 May 8 see 7:05 167 10.1 
8:09 5,000 4.8 7:33 5,000 20.6 
8:52 10, 000 — 0. 7 8:07 10, 000 7.5 
29 7:00 167 24.6 bt 6:55 167 15.0 
Bees éad 6:14 167 14.1 7:24 5, 000 —14.6 
6:49 5,000 3.8 8:04 10,000 —53.2 
7:33 10,000 —42.9 8:34 12, 500 53. 7 
5-09 12,000 —i5. 6 6:40 167 20.0 
May 1. 6:40 167 26.7 7:09 5, 000 —13. 6 
7:22 5,000 10.9 7:41 10, 000 51.4 
2 7:08 167 20.0 8:15 15,000 58.1 
7:45 5,000 —11.9 11 a 167 27.1 
8:41 10, 000 48.0 12 6:33 167 23. 9 
Pere 167 25. 6 7:22 5,000 — 5.5 
47 5,000 —10.5 9:00 167 21.1 
7:50 10,000 —50.8 9:36 4,000 3.4 
4. ° 8:46 167 17.2 B4. ccevce 6:33 167 25. 3 
9:03 5, 000 — 4.3 7:04 5,000 — 6.9 
on aves 10, 000 37.8 7:37 10,000 —44.2 
ceees 15, 000 —b51.4 8:04 15,000 —58. 0 
5. oes] 6:54 167 15.0 Tiscoe: ol “Gee 167 26. 1 
7:26 5, 000 — 80 Biccccsel GUE 167 27.9 
8:02 10,000 —45. 0 7:17 5,000 — 2.5 
8:58 15, 000 —4.2 6:26 167 29.0 
6 ovee 6:50 167 13.4 7:02 5,000 3.5 
7:23 5,000 — 8.4 18 one 6:19 167 23. 2 
7:56 10,000 —47.0 6:50 3,500 5.8 
8:24 15,000 51.7 
Foosoues 7:14 167 16.1 A.M 
7:47 5, 000 —13. 2 BD. svc 5:36 167 20.0 
8:22 10, 000 53, 2 6:18 5, 000 3.2 
9-08 15, 000 —55. 0 


TABLE 2.— Pressures al different heights above sea level derived from records 
obtained with sounding balloons sent from St. Louis, Mo., 167 meters above 
seu level. 


Pressure Pressure Pressure Pressure Pressure 
Date, at at 2 kilo- at 5 kilo- at 10 kilo- | at 15 kilo- 
sea level. meters, meters, meters. meters 
1906, 7 p.m. mm, mm. mim, mm mm. 
April 28.2256 cccccseerccvens 757 599 413 207 99 
ih seanen canes 761 bbeeeanees Sbbbekdoedl cbsdnbeees Gledusdeeceehs 
Db bbedecesecenoense 763 602 416 211 101 
Bey Bocce ccccccoss 7548 599 412 bidnbness sieceedcsee 
Mi debocetesaesecunces 758 598 410 206 98 
BD veoccccecncevcvesees 74 598 411 205 98 
Dednctesddee.babnes< ‘ 753* 595* 411 210 100 
5 7 597 410 206 98 
6 763 598 407 204 98 
7 764 ool 4il 205 97 
8 77 601 406* 200* 93* 
9 769 604 410 202 93 
Siasnadeus cush oneassec 765 604 413 206 97 
hi chenceneenseec a )6=—ssseeen ehawes 
12 763 605 Clr 
13 763 605t a RRR 
14 763 605 418 211 99 
Ditukietiduddané senses Sn. | -dubetheteytbledadeegees besides -cuceel ons cnsesees 
16 762 605 418 
iddses seen eb edesese 761 605 419+ pienso shewe 
Miliehewsnchessecesase . 760 603 Gee  ''lencses 


* Minima. 


The pressures at different heights are plotted in Fig. 2. 
The maxima and minima in this figure are indicated by the 
letters a, b, c, etc. Comparing the maxima and minima at sea 
level and 5 kilometers the first maximum a occurs nearly simul- 
taneously at the two levels, but after that the maxima in one 
level coincide with the minima in the other. This inversion 
is more marked at 10 kilometers where the pressure curve is 
almost the reverse of that at sea level. The pressure curve 
at 15 kilometers is somewhat similar to that at 10 kilometers, 
but the ranges are much reduced and the maxima and minima 
are evidently on the point of disappearing. In fact, in the 
interval from the 4th to the 8th, which was best covered by 
observations, the smaller fluctuations found at 5 to 10 kilo- 
meters do not occur at 15 kilometers. In the upper-air type 
of curve there is distinct evidence of lagging in the time of 


+ Maxima. 
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the most marked maxima and minima. The minima ce and 4 
and the maximum d evidently occur about twelve hours later 
at 10 to 15 kilometers than at 5 kilometers. 

In order to ascertain at what level in the atmosphere the 
sea-level type of pressure changed to the upper-air type, the 
pressure for each day was obtained from the records for the 
height of 2 kilometers. These pressures are given in the third 
column of Table 2. The results show that the sea-level mini- 
mum of May 1 did not exist at 2 kilometers; but the minimum 
of May 4 was well defined at that level, altho with diminished 
range, and disappeared between 2 and 5 kilometers. The 
well-defined maximum at sea level on May 8 is not shown at 
2 kilometers, and is replaced at 5 kilometers by a sharp mini- 
mum of pressure. These results indicate that the sea-level 
type of pressure does not extend to heights much exceeding 
2 or 3 kilometers. This conclusion is sustained by the obser- 
vations of clouds at Blue Hill, which show that the air ceases 
to rotate around centers of high and low pressure at heights 
of about 3 kilometers, and that above that height the motion 
is of an entirely different character, consisting only of deflec- 
tions to the right and left in a general easterly drift... When 
the pressures are charted synoptically, there are found at sea 
level elliptical isobars around which the wind circulates, going 
spirally inward or outward, according to whether the central 
pressure is lower or higher than that in surrounding regions. 
At about 3 kilometers this type changes suddenly to the upper- 
air type of pressure, in which the isobars are U-shaped or 
semi-circular, and not circles or ellipses as at the ground. 
The bottom of the U points southward when the pressure is 
below the normal, but is inverted (q) and points northward 
when the pressure is above normal. In this type the line of 
minimum pressure is found near the place of minimum tem- 
perature, and many hundreds of miles distant from the mini- 
mum of pressure at the earth’s surface. The line of maximum 
pressure is found near the place of maximum temperature, 
and far from the maximum pressure at the earth’s surface. 
To some extent these facts were outlined by Doctor Koppen as 
long ago as 1888, when he first plotted isobars for the upper air; 
but it is not uncommon to find in the writings of meteorolo- 
gists of to-day references to areas of high and low pressure 
as if they extended to great heights in the atmosphere. In 
future I think we must ascribe the unstable vertical gradients 
of temperature, which give rise to thunderstorms and torna- 
does, not to the overflow of surface air by potentially cooler 
air above, but rather to the northward flow of relatively warm 
air at low levels, beneath currents moving from the west or 
northwest above, or to the heating of the ground and surface 
air by the sun. 

My conclusion that cold waves are inclined strata of descend- 
ing air felt first at the earth’s surface and successively later 
at greater heights is given in the Monruity Wearner Review 
for March, 1907. The reason of the later occurrence of warm 
waves aloft is no doubt because the areas of low pressure in 
the upper air are in the rear of areas of low pressure at sea 
level. The winds in front of these areas of low pressure in 
the upper air have a component of motion from the south and 
hence are relatively warm; while the winds immediately below, 
in the rear of the lows at sea level, have a component of motion 
from the north, forming the advancing lower front of the cold 
wave, and are relatively cold. 


OUR PRESENT KNOWLEDGE REGARDING THE HEAT 
OF EVAPORATION OF WATER. 


By Prof. AkTHUR Wutrmore Smitru, Ph. D. Dated University of Michigan, Ann Arbor, 
Mich., November 20, 1907. 


Until quite recently our knowledge of the amount of heat 
required to evaporate water has been derived from the classic 


‘See Annals of the Astronomical Observatory of Harvard College, vol. 
XXX, 1896. 
®>Vol. XXXV, p. 118-120. 
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experiments of Regnault, and even to-day, in spite of half a 
dozen modern researches, his results are quoted and used by 
scientists generally more often than all the others combined. 
Most of Regnault’s work dealt with high temperatures, and 
these results are still of undoubted value; but Regnault him- 
self expresses doubt regarding the accuracy of his results at 
low temperatures. Nevertheless the confidence which is in- 
spired and justified by the accuracy of his work at the higher 
temperatures is often extended to the entire range, without 
any examination of the original data. It is the object of this 
paper to set forth our present knowledge of the subject as 
shown by the most reliable investigations of recent years. 

Dieterici.—Undoubtedly the best determination of the heat 
of evaporation of water at low temperatures is that of Die- 
terici.' In 1889 he evaporated water within a Bunsen ice 
calorimeter. The water was placed in a small bulb within 
the inner tube of the calorimeter, and after thermal equilib- 
rium was fully established all the water was evaporated by 
means of reduced pressure—the heat required being furnished 
by the further freezing of the ice mantle. Assuming that one 
mean calorie will expel 0.01544 gram of mercury—this being the 
average of the values found by Bunsen, Schuller and Wartha, 
and Velten—he obtained* the value 596.80 mean calories for 
the heat of evaporation at 0° C. Eliminating this assumption, 
what he really determined in this investigation was that 

01544 x 596.80 = 9.2146 grams of mercury 
were expelled from the ice calorimeter when one gram of 
water at 0° C. was evaporated into vapor at the same tem- 
perature. 

Dieterici has recently calibrated his ice calorimeter in terms 
of the electrical units. A carefully measured electric current 
past thru a fine resistance coil within the inner bulb of the 
calorimeter. As the ice mantle melted, thus reducing its vol- 
ume, mercury was drawn into the calorimeter, the exact amount 
being found by careful weighings. In a series of ten experi- 
ments* the total amount of heat supplied by the current was 
3049.28 joules. The corresponding total amount of mercury 
drawn into the calorimeter was 11.2663 grams. The electrical 
units are exprest in terms of a Weston element, and probably 
the above result is exprest in Reichsanstalt joules. Since 
Reichsanstalt volts are larger than international volts by the 
factor 1.00081, and this factor enters twice in the formula 
EIT by which the electrical energy was computed, we have 
for the amount of heat corresponding to each gram of mercury 
drawn into the calorimeter 

3049.28 x (1.00081)? + 11.2663 = 271.09 
international joules per gram of mercury. 

Combining this result with that of the earlier investigation 
gives at once for the heat required to evaporate one gram of 
water at 0° C. 

9.2146 x 271.09 = 2498.0 international joules. 

Dieterici has also made a direct calibration of his calori- 
meter in terms of “mean calories’’, that is, in terms of one- 
hundredth of the amount of heat that a gram of water gives 
out in cooling from 100° C. to 0° C. The water was inclosed 
in a small quartz tube, both tube and water being heated to 
about 100° C. and then dropt into the calorimeter. Correc- 
tion was made for the heat carried by the quartz tube. The 
mean of 13 experiments gave 0.015491 gram of mercury per 
mean calorie. This result is larger than other determinations 
of the same constant, and therefore must carry some doubt 
until corroborated by further reseaches. Using this value 
Dieterici finds 4.1925 for the mechanical equivalent of heat, 


which likewise is larger than the accepted value. Combining 
this result with his earlier ones gives 
9.2146 +0.015491= 594.83 
‘Ann. der Phys., vol. 37, p. 494-508, 1889. 2 Tbid., p. 504. 


‘Ann. der Phys., vol. 16, p. 614, 1905. 
* Ann. der Phys., vol. 16, p. 603, 1905. 
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mean calories per gram of water evaporated. But this result 
is not as reliable as the preceding one. 

A. W. Smith.—Coming next in the order of ascending tem- 
peratures is the recent investigation, the full account of which 
I have given in a previous paper.” The method used was to 
draw a stream of dry air thru the water within a calorimeter, 
thus evaporating some of it. An unvarying electric current 
furnished heat in a form susceptible of precise measurement, 
while the stream of air was continually adjusted to evaporate 
just enough water to maintain a constant temperature. This air 
current, after leaving the calorimeter laden with water vapor, 
bubbled thru two baths of sulfuric acid in which it was re- 
duced to the same degree of dryness that it possest just be- 
fore it entered the calorimeter. Therefore whatever water it 
took from the calorimeter was left in the sulfuric acid, the 
amount being determined by careful weighings on a precision 
balance. Special pains were observed that no water could 
escape from the calorimeter in the form of spray or fine drops 
carried by the air current; and the air current, after leaving the 
calorimeter, past thru warmer tubes where it could not deposit 
any of the water it was carrying in the form of vapor. 

This method possesses several advantages over others 
that might have been used. The water is slowly evaporated 
into air at nearly atmospheric pressure, so the method corre- 
sponds more nearly to natural evaporation than when the water 
boils under reduced pressure. Besides water does not boil 
easily or steadily at these low temperatures. But the princi- 
pal advantage is that an experiment can be commenced or 
ended at any time without disturbing the set-up in the least, 
and one experiment can follow another with no interval be- 
tween. When the calorimeter is holding a constant tempera- 
ture, with the air current bringing away its steady stream of 
water vapor and the electric current supplying the equivalent 
amount of heat, an experiment, so-called, can be made at any 
time that is convenient. An experiment is really only a single 
determination of the time rate of this stream of vapor, and sev- 
eral such determinations can be made in one day. For this 
purpose the two sulfuric acid tubes are inserted in the out- 
coming air current for a measured interval of time. When 
these tubes are removed fresh ones are put in their place, and 
no vapor escapes unmeasured. Such a series of successive 
determinations is more valuable than the same number of ex- 
periments made at different times, because whatever thermal 
uncertainties may be left at the end of one run are carried 
forward to the next. For example, if some part of the calori- 
meter should be warmer at the close of an experiment than it 
was at the beginning, thereby holding heat which should have 
been used for the evaporation of water, and if during the next 
run, when equilibrium is attained, the extra evaporation makes 
the collected water too large, then the average of these two 
results will not only possess the usual weight of a mean, but 
it will be absolutely correct as regards this particular kind of 
uncertainty. It is for this reason that the experiments are 
made consecutive, one beginning where the other left off, 
until a set of four separate determinations has been made. 

The energy supplied by the electric current was computed 
from the formula E/T. Both the current 7 and the fall of 
the potential / were measured in terms of a standard cadmium 
cell. The particular cell used was compared both before and 
after the experiments with the best cadmium cell in the 
laboratory, whose electro-motive force in terms of the Clark 
cell is very exactly known. Therefore all measurements are 
really based upon the electro-motive force of the Clark cell as 
set up according to the regular specifications, which is given 
as 1.434 international volts at 15° C. They are thus given in 
terms of a definite and reproducible unit. Should the electro- 
motive force of the Clark cell be found to be less than this 


5 Physical Review, vol. 25, p. 145-170, 1907. 
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value by 1 part in 1000, all of these results will be decreased 
by 2 parts in 1000. They will then be exprest in terms of the 
new unit as exactly as they are now given in international 
joules. 

The results obtained are given in the accompanying Table 1, 
which is self-explanatory. The second column gives the tem- 
perature of the evaporating water. The weight of water 
evaporated is given in the third column, the observed weight 
being corrected for the buoyancy of the air. This buoyancy 
is less than it would be for the same amount of water by itself, 
inasmuch as the volume of the mixture of water and acid is 
less than the sum of their separate volumes. The exact density 
of the mixture was obtained from the latest tables of Landolt 
and Bornstein, and the corresponding correction applied to 
determine the true weight of the water in vacuo. IJ is the 
current thru the heating coil, / the fall of potential between 
its terminals, and L denotes the electrical energy expended for 
the evaporation of each gram of water. 


TABLE 1.—Collected data, giving the resulta obtained in each experiment. 


Water evaporated. Assuming /),=1.43400 


volts. 
Date. Ameunt Duration. L= ty 
Temperature. (reduced to BE I 
vacuum). 

1907 °C (frames. Seconds. Volts. Amperes. Joules. 
February 7 21.18 3. 0651 7197 3. 7609 . 27725 2448. 4 
21,19 3. 0585 7197 3. 7618 . 27735 2455. 1 

21, 18 3.0723 7197 3. 7621 . 27747 2445.4 

February 8. 21, 16 3. 0586 7197 3. 7610 . 27725 2453. 6 
21. 16 3. 0743 7197 3.7617 . 27721 2441.2 

21. 16 3. 0640 7197 3. 7613 . 27729 2449.9 

21.16 3. 0595 7197 3. 7614 . 27721 2452.8 

February 9. 21.20 3. 0595 7197 %. 7617 . 27725 2453. 4 
21. 20 3. 0644 7197 3. 7613 . 27725 2449.2 

21, 20 3. 0595 7197 8. 7613 . 27721 2452.5 

March 9.... 21.14 2. 7827 7197 2.1514 . 43997 2448. 1 
21.15 1, 9024 5908 2. 0737 . 438998 2445.0 

March 16... 13. 96 1, S581 7208 2.9000 . 21998 2473.0 
13,95 2.1754 S404 2. 9000 . 21999 2464.6 

13,95 1. 7885 6903 2. 9001 . 22000 2462.6 

13. 95 1. 9438 7504 2. 9001 . 22002 2463.3 

March 23... 28. 06 3. 1023 7205 %. 8118 . 27503 2434.8 
28. 06 3.1314 7265 8. 8117 . 27508 2432. 2 

28. 06 2. 3032 344 3.8119 . 27504 2482. 6 

28. 06 2. 3264 408 3. 8118 . 27504 2454.9 

April 6.... 39. 80 8. 2481 72 3. 9468 . 27499 2406. 6 
39. 80 3. 2548 72038 3. 9470 . 27500 2402.2 


The mean value of the electrical energy required for the 
evaporation of one gram of water at each temperature is: 


Temperature. Heat of evaporation. 
°C Joules. 
13.95 2465. 9 
21.17 2449.5 
28. 06 2433.6 
39. 80 2404.4 


Altho only two values were obtained on March 9, yet these 
are especially valuable, as the calorimeter used on that date 
was one of the earlier forms. The resistance of the heating 
coil was much less, thus requiring a larger current than on 
other days. These two determinations are, therefore, free 
from any constant bias due to the particular form of calorim- 
eter used. It will be noticed, however, that the results 
agree very closely with the others obtained at the same tem- 
perature. 

Griffiths.—Some years ago Griffiths made an elaborate in- 
vestigation® into the heat of evaporation of water. His origi- 
nal intention was to cover the range from 10° C. to 60° C., 
but only a few results at 30° C. and at 40° C. are given, and 
he says: “ Had time permitted I should have performed more 
experiments, especially at 30° C.”. His preliminary method 


was to draw dry air thru the water, but this failed to give 


* Phil. Trans., vol. 186 A, p. 261-342, 1895. 
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concordant results, and the final determinations were made 
by the more common method of reduced pressure. 

A weighed amount of water was placed in a glass tube 
within the calorimeter, and flowed out thru a fine opening as 
fast as it was evaporated. Heat was supplied by an electric 
current which was stopt, as nearly as possible, when the last of 
the water was evaporated. The experiments were conducted 
at a constant temperature and appear to have been very care- 
fully performed. The heat furnished by the current was com- 
puted from the formula H= EF’ 7/R, the value of F being 
measured in terms of a Clark cell the electro-motive force of 
which was taken as 1.4342 volts at 15° C. He exprest his re- 
sults in calories, using 4.199 for the mechanical equivalent of 
heat. Using the same factor to translate the results back 
into joules gives 

2429.3 joules at 30.00° C., and 
2403.6 joules at 40.15° C., 


when exprest in terms of 1.43400 volts for the Clark cell at 
15° C. 

Henning.— About a year ago there appeared’ the account of 
an investigation for the range from 50° C. to 100° C. A few 
determinations were made at 30° C., but for some reason are 
given only one-eighth the weighting accorded to the determina- 
tions at each of the higher temperatures. The water was 
made to boil under reduced pressure, the vapor being con- 
densed and weighed. Heat was supplied by an electric cur- 
rent and measured in terms of a Weston standard cell. Proba- 
bly the results were obtained in terms of Reichsanstalt volts. 
They are exprest in 15° calories by means of the factor 4.188 
joules per calorie. I have reduced them back to international 
joules by multiplying by this same factor and also by 1.0016. 

Whether exprest in calories or joules, most of Henning’s re- 
sults appear rather high. This is very apparent at 100° C., 
where the familiar number 537 is exceeded by nearly two 
units. However, Henning is not alone in finding this larger 
value, and it may be that the accepted value is toolow. Cer- 
tain it is that this important constant should be redetermined 
with modern appliances and with a greater degree of pre- 
cision than has yet been done. 

Regnault.—In 1847 Regnault made a series of 23 experiments 
at temperatures between 63° C. and 88° C. Steam from his 
boiler, at somewhat reduced pressure, was condensed within a 
calorimeter, the heat given out being determined by measur- 
ing the rise in temperature of the calorimeter bath. The unit 
in which the results are exprest is determined by the range of 
temperature of the water in the calorimeter. In every experi- 
ment this was nearly the 15-degree calorie, and, therefore, not 
far from the mean calorie. As there is some question whether 
Regnault’s temperatures were measured on the mercurial or 
the nitrogen scale, and, therefore, whether his results should 
be corrected for the varying specific heat of the water in his 
calorimeter, it seems best to record his results as he gave 
them—especially as the corrections, if applied, would alter 
the final result by less than one-tenth of one per cent. 

Results at 100° C.—By far the greater number of experiments 
have been made with water boiling under atmospheric pres- 
sure. Regnault conducted a series of 44 experiments under 
varying conditions and with different calorimeters, obtaining 
results which are entirely concordant and the accuracy of 
which can hardly be questioned. Since “ Regnault’s calorie” 
is very nearly equal to the mean calorie his final result is 
practically exprest in mean calories. 

Thirty years later, in 1877, Berthelot*® devised a calorimeter 
for studying the heat of evaporation of liquids at their boiling 
points. The accuracy of the apparatus was tested by using 
water, which gave 635.2, 636.2, and 637.2 in three trials. The 


7Ann. der Phys., vol. 21, p. 849-878, 1906. 
* Ann. Chem. et Phys., vol. 12, p. 558, 1877. 
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mean is 636.2 calories for the “total heat’’, or 536.2 for the 
heat of evaporation of water. 

In a similar way, Louguinine’,in 1896, devised an elaborate 
apparatus for use with other liquids, and tested it by using 
water. Four experiments gave 637.87, 635.59, 637.64, 638.53 
with a mean of 637.26 calories. The temperatures are not 
given, but corresponding values computed from Regnault’s 
formula give a mean of 637.0 calories. 

At the end of Griffiths’s paper is a short note by Joly” in 
which he gives the results of 10 experiments with the steam 
calorimeter. 12.8545 grams of water were warmed from 
11.89° C. to 99.96° C. by the condensation of 2.0994 grams of 
steam. Using Regnault’s value, 2=536.66, for the heat ob- 
tained from each gram of this steam he finds for the mean 
specific heat of water over this range (12° to 100°) the value 
0.99520. From the observations of Bartoli and Stracciati 
this number should be 0.9995, and from the curve of specific 
heat as determined by Barnes it is 0.99938. In order to have 
obtained these values Joly would have had to use L=538.98 
and 1=538.90 mean calories, respectively. 

As noted above the results obtained by Henning are also 
high, being 538.9 mean calories at 100° C. 

In view of such varying results it is extremely difficult to 
determine the most probable value for the heat of evap- 
oration at 100°C. Apparently it is not below 537 or above 
539, but even this is uncertain, and a more careful determi- 
nation may show that it lies outside these limits. For the 
present, however, a mean value, 538, best represents this im- 
portant constant. 

Determinations above 100° C.—The only work above the boil- 
ing point is that of Regnault, who carefully investigated the 
range 119°C to 195°C. Indeed it is this portion of his work 
in which he felt the greatest confidence and from which he 
deduced the well-known formula, L=606.5+.305 ¢. In all 73 
experiments were made, and these have been collected into 12 
groups for the purpose of appearing clearly on the curve 
of Fig. 1, where only the mean value of each group is shown. 
Since the value at 100° C. has been taken at 538, the portion of 
the curve for higher temperatures is steeper than the above 
equation would show. There is no reason why the two por- 
tions of the curve should not be continuous in the region of 
100° C. and thus form one smooth curve thruout their entire 
length, but from these observations it can not be so drawn 
unless the work of Henning is to be entirely disregarded, and 
that of Regnault from 60° C. to 200° C. accepted with entire 
confidence. An accurate and reliable determination at 100° C. 
would thus determine the location of this curve for a con- 
siderable range on either side. 

According to Calleadar, Preston, and others, the heat of 
evaporation becomes zero at the critical temperature, which 
Cailletet and Colardeau found" to be 365° C. This would re- 
quire a very sharp downward turn of the curve beyond the 
observations of Regnault. The exact location of the curve 
above 200° C. is, however, mere conjecture. 


In the accompanying Table 2 are collected the results of 
these various investigations. The third column shows the 
average temperature at which the water was evaporated. The 
heat of evaporation, as reported by the authors themselves, 
is given in the next column. These values are not directly 
comparable, inasmuch as they are exprest in different kinds 
of “calories”. In those experiments where the heat was sup- 
plied by means of an electric current I have computed the 
result in international joules, taking the legally authorized 
value of 1.434 volts for the electro-motive force of the Clark 


* Ann. Chem. et Phys., vol. 7, p. 251-252, 1896. 
” Phil. Trans., vol. 186A, p. 322, 1895. 
" Comptes Rendus, t 112, p. 563, 1891. 
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cell at 15° C. Since the actual value of the electro-motive 
force of a Clark cell at this temperature is, in all probability, 
nearer 1.433 volts, the results are reduced to this unit also. 
The values obtained by Regnault and by Joly are exprest 
directly in mean calories and require no further correction. 


TABLE 2.— Collected results of all investigators. 


te el a Result Joules per gram. _— 
Observer. : . : as | ca- 
experi- | (Centi- |». ortea. | lories 
ments, | grade). PORNOG: | H==l. 494 | Ho=1. 483 | TOFS 
RE, 5 PLA 20 0.00 | 596.80/ 2498.0) 2494.6) 596,28 
BT CU cscs. cise ¢| Ls: | 2465.9 2462.5 | 588,61 
12 kg Se 2449.5 | 2446.1) 584.69 
4 SS 8 ere | 2433.6 2430, 2 580. 89 
2 eS | 2404.4 2401.0) 573.91 
GI ix ccicctecckasebaeres 7 30.00 | 578.70 | 2429.3 2425.9| 579.86 
6 40.15 | 572.60 | 2403.6 | 2400.2 | 573.72 
a eee ae + 49.14! 569.55 | 2389.0! 2385.6 570.23 
6 64.85 | 559.47 | 2346.8| 2343.4 | 560,14 
13 77.84| 652.47} 2817.4| 2814.0) 553.11 
4 89.29 | 545.76 | 2289.8 2285.9) 546.40 
18 100.59 | 588.25 | 2257.8 | 2254.4 | 588.87 
Ee MN a: ~ 68.0 556. 4 | 556.4 
5 79.9 oP I Seis | eer 549.0 
7 85.8 544. 8 544. 8 
44 es Ca es parame 536. 7 
RETR OO Pe As I 10 99.96 538. 9 
Psi s:0sncnadwardeeetacs 3 (Se Fee eee | §21.7 
4 SE Wh WOE cadnccypabsincarcese 17.6 
il 135.9 | 511.9 511.9 
13 RR Re: | 504.9 
10| 155.5 | 495.7 495. 7 
5| 162.4 491.5 491.5 
14 175.2 482. 3 482. 3 
9 185. 6 ROE Aare 478.1 
1 194. 6 471.0 471.0 
ET eS By ty) I Ree. eae. (zero) 


The mechanical equivalent of heat.—When it comes to trans- 
lating the results here collected from the electrical units, 
“joules”, into heat units, “‘calories”’, it is necessary to use the 
constant known as the mechanical equivalent of heat. And 
since the specific heat of water is not constant, but has a dif- 
ferent value for each temperature, it is necessary to define 
precisely what is meant by the term “calorie’’. The unit 
used in this paper is the “mean calorie’, that is, one per cent 
of the heat that is required to warm one gram of pure water 
from 0° C. to 100° C. 

The mechanical equivalent of heat has been determined by 
several investigators. The classic experiment of Joule paved 
the way for the more precise measurements of Rowland, who 
worked on a larger scale and used an engine to stir the water 
in his calorimeter, thereby warming it more rapidly. This 
investigation was conducted with masterly precision and gives 
one of the best determinations of the mechanical equivalent 
over the range 5° C. to 35° C. 

More recently Reynolds and Moorby” have directly meas- 
ured the amount of mechanical work required to warm pure 
water from the freezing to the boiling point. The care and 
precaution observed in their work, and the minute discussion 
of possible sources of error, warrant unusual confidence in 
their result. Ice-cooled water was past in a continuous stream 
thru a hydraulic brake dynamometer consisting of a central 
disk carrying vanes on each side and running between similar 
stationary vanes. The terrific stirring experienced by this 
water warms it, and by properly regulating the rate of flow it 
could be made to leave the brake at any desired temperature. 
In these experiments a single brake absorbed the power of 
three large engines, and the flow of water was regulated to 
leave the brake at very nearly 212° F. and under sufficient pres- 
sure to prevent the formation of steam. The measured amount 
of heat is thus independent of all thermometric scales, ther- 
mometers being used only to identify the freezing and boiling 


~ 12 Phil. Trans., vol. 190A, p. 300- 422, 1897. 
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ints. In order to eliminate constant errors as far as possi- 
ble, a set of experiments of one hour each in which small 
power was employed was followed by a similar set in which two 
or three times as much power was used. Since the tempera- 
tures, speeds, etc., were the same for each set many uncer- 
tainties would be the same in each case. Therefore, the final 
result is computed considering only the difference in the works 
and the difference in the heats in the two cases. Every pos- 
sible source of error was carefully examined, the weighings 
were reduced to vacuum, and account taken of the air dissolved 
in the water. 

Exprest in absolute units, the work required to warm one 
gram of water from the freezing to the boiling point was 
found to be 4.1832x 10" ergs, or 4.1832 joules, per degree 
centigrade. Inasmuch as this covered nearly the entire 
range of temperature from 0° C. to 100° C. no correction was 
required for the varying specific heat of water. But an exam- 
ination of the details of the experiments shows that the mean 
range of temperature was from about 1° C. to 100° C., and 
according to Barnes the average specific heat from 1° C. to 
100° C. is less than that from 0° C. to 100° C. by 1 part in 
10,000. Applying this slight correction gives for the mechan- 
ical equivalent of a mean calorie, the value 

J = 4.1836 joules. 

Another method of determining this constant is to warm 
the water by means of an electric current. The principal 
investigations are those of Griffiths, Schuster and Gannon, 
and Callendar and Barnes. In the first two investigations 
water was warmed in a calorimeter. In the work of Callendar 
and Barnes everything was maintained at a constant tempera- 
ture, a steady electric current in a platinum wire warming a 
continuous stream of water. The electrical energy was deter- 
mined by measuring the current and the fall of potential over 
the wire, each in terms of a standard Clark cell. The results 
as first reported by these physicists were somewhat too large, 
owing to the fact that the electro-motive force of their Clark 
cell was taken as 1.4342 volts at 15° C. In a critical discus- 
sion of this entire subject before the International Electrical 
Congress at St. Louis in 1904, Professor Barnes” gives the 
results as recalculated on the basis of 1.43325 volts at 15° C. 
for the Clark cell. I have plotted Barnes’s values from 0° C. 
to 100° C. and very carefully integrated the resulting curve 
in order to determine the mean value over this range of tem- 
perature. The result gives 4.1846 joules per mean calorie, 
which is slightly smaller than the arithmetical mean of the 21 
values given by Barnes, inasmuch as in the arithmetical mean 
the first and last values receive twice the weight given to 
intermediate values. 

At the present time the most probable value for the electro- 
motive force of a Clark cell at 15° C. is 1.433 volts. This 
means that the above result should be still further reduced, 
even in the ratio of (1.43325)’ to (1.43300)’, since the elec- 
trical energy was computed by the formula FIT, and both F£ 
and / were measured in terms of the Clark cell. Making this 
correction gives 


___ (1.43300)? 
J = 4.1846 x (1.43325)? 


Rowland, by the mechanical method, and Griffiths and 
Schuster and Gannon, by the electrical method, found slightly 
larger values than this. The reason for any discrepancy has 
not yet been explained, but is usually considered due to the 
different methods of calorimetry. Inasmuch as Reynolds and 
Moorby and Callendar and Barnes both used the “ continuous 
method”, in which there is no change of temperature in any 
part of the apparatus while the heat is carried away in a con- 
tinuous stream of water, it would seem as tho their results 
would be the more directly comparable. And since I have 


= 4.1832 joules. 


“ Trans. Int. Elec. Congress, 1904, vol. I, p. 65. 
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used a similar method and have avoided all changes in tem- 
perature, the most applicable value of J is that determined 
by Reynolds and Moorby, provided the electro-motive force of 
the Clark cell at 15° C. is taken as 1.433 volts. The values in 
the first half of the last column, “mean calories’’, of Table 2 
are computed by means of the factor, J = 4.1836. 

The results of all these investigations were carefully plotted 
on a sheet of accurately engraved cross-section paper, and the 
smooth curve which most nearly represents all the values was 
drawn. (See fig. 1.) From the curve were then determined 
the values of the heat of evaporation for each five-degree 
point from 0° C. to 100° C. and for each ten-degree point 
from 100° C. to 200° C, 
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Fic. 1.—Heat of evaporation of water at different temperatures. 











TABLE 3.— Heat of evaporation of water. 


Heat required to evaporate one gram, 
Temperature. 
Joules. Mean calo- 20°-calories. 
ries, 
°C. E=1. 4330 J=4. 1836 J=4.1773 
OG cekon ccdcekbesutesces duns cusduoenezeesesedss 2494. 6 596.3 597.2 
C—O on O6usbhete ee eseeanee ne cceneheersens 2483. 4 593.6 504. 5 
DGbs hbase ceehiienhe ve cseueicetbeocedteusane< 2472.1 590. 9 591.8 
nc d6 Game Obee es soes eeccnscecconseooesesseees 2460.4 588.1 589. 0 
20... 2448.7 585. 3 586. 2 
DiGuRiastetEencinanevess . eenenandaseenee steve 2437.0 582.5 583. 4 
ik édhtedphdewdtiad: PUDOO C400 R000 c000ROS> 4400 2425. 2 579.7 580.6 
Psesededdees 6400 ce 5ses 00 60 cdecneeseses -606500 2413.5 576.9 577.8 
40.. 2401.4 574.0 574.9 
45 2389.3 571.1 572.0 
O.. 2377.1 568, 2 569.1 
55.. 2365.0 565.3 566, 2 
DSS COS 66 60 cede ce ness ce ccnneeddééce rede cicedws 2352. 4 562. 3 563. 2 
Diiniinehes bbbdbGnseutevegnasd s00+bed0ensenneés 2339. 9 559. 3 560, 2 
70. 2327.3 556.3 557.1 
75... 2314.8 553. 3 54.1 
Gee emcecesiceescececccsceenetcetecceses cossace 2302.2 550. 3 551.1 
85... 2289.7 547.3 548.1 
Deecece 2277.1 544.3 545. | 
95. 2264. 2 41.2 542.0 
100.. 2250). 8 538.0 538.8 
2220.7 530. 8 531.6 
120.. 2190.1 523.5 524.3 
130.. 2159. 6 516.2 517.0 
140.. 2129.5 509.0 509.8 
19).. 2099, 3 501.8 502. 6 
160.. Wéy. 2 494. 6 495.3 
170.. 2038. 7 487.3 488. 0 
180.. 2008, 5 480.1 480.8 
190... 1978. 4 472.9 473. 6 
200.. 1948.3 465.7 466.4 
365... Heat of evaporation vanishes. 


While it is possible to write the equation of this curve, such 
a formula would be of doubtful value. It is better to show 
the actual curve and the points among which it is drawn, 
for this will be less likely to give the appearance of unwar- 
ranted accuracy or completeness. Above 100° C. we have 
only the work of Regnault, performed sixty years ago. At 
100° C. are several points, differing by more than seems 
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necessary, and there is also a sharp bend in the curve at this 
point. The lower part of the curve seems to be very definitely 
determined, and below 50° C. there is unanimous agreement 
among the various investigators. 

Calorimetric investigations are frequently conducted at 
room temperatures and the results exprest in terms of the 
“ealorie at 20° C.”. For this reason the values in the last 
column of Table 3 are given. They are computed from the 
4.1846 
4.1783” 
obtained from the variation curve of Barnes. The 15-degree 
calorie may be taken as equal to the mean calorie. 

If the finally accepted value for the Clark cell at 15° C. is 
not 1.433 volts, then a new calculation of the above values 
from the data in the original papers will be in order. But 
until this point is definitely settled, these values are the best 
available for all those who have occasion to use the heat of 
evaporation of water, either by itself or as a correction factor 
in other investigations. 


INTERESTING OLD METEOROLOGICAL LITERATURE. 


The Meteorological Library of the Johns Hopkins Univer- 
sity desires to secure as complete a set as possible of the early 
publications of our various State weather service organizations. 
Before the present systematic uniformity was introduced by 
Professor Moore these State publications were of various sizes, 
shapes, and styles; and many of them were personal matters 
by our local observers, encouraged by General Greely and 
Professors Harrington and Moore as leading up to State organi- 
zations. Any one who has either whole sets or odd numbers 
of these old monthly sheets that he will present to the above- 
mentioned meteorological library should mail them to Dr. 
Nicholas Murray, Librarian, Baltimore, Md. 

The pioneers in these personal enterprises were (1) Ker- 
kam and Hunt, at New Orleans, La., 1891 and 1892; (2) 
Moore, at Milwaukee, Wis., 1892; (3) Hunt, at Omaha, Nebr., 
1893-94; (4) Beals, at Minneapolis, Minn.; (5) Hunt, at At- 
lanta, Ga., 1894-95; and the publications for these years would 
be of great historical interest. Besides these publications by 
Signal Service men personally, we may also note those of an 
official character by the State weather services established 
about 1885 and subsequently. 


FIRE AT MOUNT WEATHER. 


About 4 a. m. on the morning of Wednesday, October 23, 
1907, fire was discovered in the administration building at 
Mount Weather. Altho it had already gained much headway, 
the occupants escaped with little difficulty, except one who 
sustained severe injuries by jumping from a window. It was 
useless to try to check the flames and there was time to save no 
Government property and scarcely any private belongings. 
The building was totally destroyed, causing a loss of about 
$25,000 to the Government on building, furnishings, instru- 
ments, etc., and about $6,500 to the occupants. 

All books and records in the building were destroyed, inclu- 
ding the only copies of the regular meteorological records 
from the first of the month, and some records of special inves- 
tigations which had not been copied or worked up for publi- 
cation, and which are therefore completely and irreparably 
lost. The loss in the way of instruments is far less serious; 
for the exposed thermometers, thermograph, and gages, tho 
near the building, were unharmed; and the equipment for 
upper air research and the valuable instruments for investiga- 
tions in terrestrial magnetism and solar radiation were in dis- 
tant buildings and therefore unaffected. 

Altho several of the men were compelled to borrow cloth- 
ing from their more fortunate comrades and from neighbors, 
yet the daily work of kite flying and observations was imme- 
diately resumed on the day of the fire, and has suffered no 


values in the preceding column by means of the factor 
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interruption. A meteorological observatory has been tempo- 
rarily installed in the power house. and telegraphic communi- 
cation with Bluemont and Washington was speedily restored. 


ICE COLUMNS IN GRAVELLY SOIL. 

We have lately learned that a very important article on this 
subject was published a few years ago, in the Japanese lan- 
guage, and we shall endeavor to obtain a translation or ab- 
stract thereof. Meantime those interested in the subject will 
perhaps be glad to add the following title to the biblio- 
graphy of the subject. 

Report of investigation of ice columns by Prof. M. Goto, 
Higher Normal School, Tokyo, Japan, and Prof. O. Inagaki, 
Higher Agricultural School, Morioka, Japan. In the “ Toyo 
Gakugei Zasshi” (Oriental Science Monthly), Vol. 16, 1900, 
Nos. 211, 212, and 213; 38 pages; 12 experiments. 

This memoir contains: 

Chapter I. Introduction. 

II. Facts known to previous investigators. 
III. Facts made known by our investigations. 
i. Reasons why ice columns grow upward. 
ii. Upward pressure of the growing ice columns. 
iii. The morphology of the ice columns. 
a. Forms of ice columns. 
b. Density of ice columns. 
c. Specific gravity of ice columns. 
d. Limit of growth of ice columns. 
e. Damage done by these ice columns. 
f. Relations of soils and the growth of ice columns. 


PLEASE ANSWER THESE QUERIES PROMPTLY. 

The Editor has been asked to what extent he can diminish 
the size of the Monruty Wearuer Review, and how he can im- 
prove its value to its readers. Considered as a meteorological 
journal it must necessarily contain a wide range of material. 
It is consulted by teachers, engineers, climatologists, and special 
students of a variety of topics, and the Editor wishes to submit 
to these the question what can be done to remove unnecessary 
material and improve the general value of the publication. 

Will not each reader, whether domestic or foreign, kindly 
consider the following questions as addrest to him personally, 
and reply by return mail to the Editor? ‘ 

(A) Are the following features of so much interest to you 
as to be worth publishing, either for your own personal use 
or in the general interest of meteorology ? 

1. The chapter on forecasts and warnings. 
2. The section on rivers and floods. 
3. The special articles, notes and extracts. 
a. Popular. 
b. Educational. 
ce. Technical. 
d. Bibliographical. 
e. Seismological. 
4. The chapter on “The weather of the month ”. 
5. The climatological summary. 
6. Table L Climatological data. 
7. Table II. Climatological record. 
8. Table III. Wind resultants. 
9. Table IV. Excessive precipitation. 
. Table V. Canadian data. 
. Table VI. Heights of rivers. 
2. Honolulu data. 
. Jamaica rainfall. 
. Chart I. Hydrographs for seven principal rivers. 
. Chart II. Paths of areas of high pressure. 

16. Chart III. Paths of areas of low pressure. 

17. Chart IV. Total precipitation. 

18. Chart V. Daytime cloudiness. 

19. Chart VI. Isobars and isotherms at sea level and re- 
sultant surface winds. 

20. Chart VII. Total depth of snowfall. 

21. Chart VIII. Amount of snow on ground. 
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(#) If you get the equivalent of the tables, or so much of 
them as are interesting or useful to you, in the monthly sec- 
tion reports, or the Annual Report of the Chief of Bureau, in 
form more serviceable to you, please so state. 

(C) Is there any feature or subject not yet introduced into 
the Review that you wish us to take up? 

(D) Is your copy of the Review destroyed, preserved for 
future use, or deposited in some library? 


STUDIES ON THE VORTICES IN THE ATMOSPHERE OF 
THE EARTH. 
By Prof. Frank H. Biertow. 
I.—THE APPLICATION OF THE THEORY OF VORTEX MOTION 
TO THE FUNNEL-SHAPED WATERSPOUT AT COTTAGE CITY, 
AUGUST 19, 1896. 


INTRODUCTORY REMARKS. 


The purpose of the series of papers on the thermodynamics 
of the atmosphere, which appeared in the Monraty Wearuer 
Review during the year 1906, was to indicate the distribution 
of the masses of air of different temperatures in the neighbor- 
hood of the axes of cyclones, anticyclones, and a typical water- 
spout, and to develop the formulas which are useful in dis- 
cussing the energy contained in them, available in the restora- 
tion to a thermal equilibrium under the action of gravity. 
When a sheet of relatively cold air overlies a sheet of relatively 
warm air there will be an interchange of position, and in 
changing places there will be a development of certain stream 
lines which it is important to understand as fully as possible. 
Such a distribution of stratified air is an efficient cause of 
the formation of the vortices popularly called the tornado, the 
waterspout, and the hurricane. There are two types of such 
vortices prevailing in the earth’s atmosphere, each of which is 
represented in the Cottage City waterspout of August 19, 
1896.' The first type is seen in the second appearance, as on 
Chamberlain’s photograph, 2d A, and the second type is 
found in the third appearance, as on Chamberlain’s- photo- 
graph, 3d A. It will be shown that the St. Louis tornado, 
May 27, 1896, and the De Witte typhoon, August 1-3, 1901, 
belong to the first, or dumb-bell, type, while many small funnel- 
shaped tornadoes belong to the second type. These typical 
examples will be fully worked out, and the velocities, radial (1), 
tangential (v), and vertical (w), computed, together with the 
various relations connecting them together. When two 
masses of air of different temperatures lie side by side the 
stream lines which are generated in the thermal flow are of a 
very different type from those of the preceding cases, in so 
far as the cyclone represents a pure vortex motion of any 
type. The general vortices in the earth’s atmosphere or other 
atmospheres belong to still other classes. These vortices 
were summarized on pages 512, 513, of the International Cloud 
Report,’ and in the Monruty Wearuer Review, January, 1904;* 
but in this present series of papers an attempt will be made 
to find the constants and the velocities existing in these 
specific examples. The final step in the solution of this class 
of problems will consist in correlating the observed tempera- 
ture and pressure conditions with these computed velocities. 
It will be important to develop the computations in detail, so 
that meteorologists may be able to discuss the circulations of 
the air as practical examples of the interchange of energy in 
the atmosphere. The knowledge already attained regarding 
the temperatures in the earth’s atmosphere justifies us in 
making an effort to advance these fundamental problems in 
dynamical meteorology. It seems to me quite probable that 
the best way to determine the physical constants belonging to 


1See Monthly Weather Review for July, 1906, p. 307-315, and plates. 

* Report of the Chief of the Weather Bureau, 1898-99, Vol. II. Here- 
after this is referred to as ‘‘ Cloud Report,” or merely “‘C. R.” 

5 Vol. XXXII, p. 15-20. 
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the sun’s atmosphere, i. e., the specific heats and the tempera- 
ture gradients, will be by utilizing the visible surface velocities 
of the solar vortex, which is a function of the same. 


THE FORMULAS OF VORTEX MOTION, 


The subject of vortex motion applicable to the earth’s atmos- 
phere may be conveniently referred to in the following works: 

1. Basset’s Treatise on Hydrodynamics, Vol. I, pp. 34—94, 
1888. 

2. Lamb’s Hydrodynamics, pp. 222-265, 1895. 

3. Wien’s Lehrbuch der Hydrodynamik, pp. 54-83, 1900. 

4. Bigelow’s Summary of Formulas, Cloud Report, pp. 
508-513, 1898. 

Since the notation differs in these treatises the following 
table of equivalents is added: 
TABLE 1. — Equivalent systems of notation. 














Functions, Basset. Lamb. Wien. Bigelow. 
Total differential................ a) Ff d d 
Partial differential.............. d d a) 7) 
Differential increment........... & & 6 r) 
Finite difference ................ 4 a 4 4 
Rectangular coordinates......... 9, 2,2 ¥, 2,2 | Zz, ¥,2 zy 
Cylindrical coordinates ......... G, 0,2 @,d,z | p, 0,2 a, 
Polar coordinates. ............... r,9,¢ r, 0, r,3,@ r, @,a 
Rectangular velocity ........... v, w, u v, w, u r,t u,v, 
Cylindrical velocity ............. v, wu t,w,u r, On, w My, My, Wy 
Pe WEE bond. cavccrecevesse rw r, wv, 0 Joceteeees Na, Ve, We 
Angular velocity............... n, 6, € ny ¢, € é,n,¢ 1, We, Wy 

Right hand. | Right hand Left hand. Right hand. 

Current function................ +w —wy tw ty 
Velocity potential...... .... , + —?¢ L i¢ 
Static potential..............-... +V +V —V +V 
Vortical coordinates............. M,N.L G, H, F U,V, W PLG,H 
Kinetic energy............ «... T T L T 
Potential energy............... Vv Vv F U 
BEE eddce cccpeesececcocseccs p p . | p 
Viscosity coefficient............. v= e “ k2 “ 


Bigelow and Wien take the z-axis as the axis of rotation in 
cylindrical coordinates, while Basset and Lamb use the «x-axis. 
Wien has left-hand rotation and the others right-hand. 








+Z 
A 
ry 
+WwW 
P » fo 
WwW ; 
} te 
+X tu 


Fie. 1.—Rectangular coordinates of any point are z, y, z. Cylindrical co- 
ordinates of the same point are a, ¢, 2. Velocities at that point (a,) 
are u,v, w. Angles at that point (a, 6) are i, 7. 





——= 








= —_ —_ sn a te 
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TABLE 2.— Equations in cylindrical coordinates, 
(Compare equations 152, 160, 161, 162, 163, 165...... pp. 497, 499, 500, Cloud Report.) 
| dc udl = OW, r= W COS ¢. 
(1) Linear displacements. Cloud Report 152. / dy= vdt = wg. y= sin ¢. 
Oz = wit = 02. 
wo, = 0. — 0 V = OV = 0. 
| Or Ow 
(2) Angular velocities and forces in symmetrical motion | | OV 0 
about the z-axis. Cloud Report 160. - | ~ Oy wig 
| wo, = aa ° 5 ae =— 49. 
Oe | 
dx pa \t 
u= di = u, COs g — U, SIN ¢. a | 
(3) Linear velocities. Cloud Report 152. ; 
gr a4 =u, sing + v, COs ¢. i 
U iI 
Om { 
| ui = ot _ yw, + 2M,. ' ! 
. *,* . . . . . 4) tt 
(4) Linear velocities with moving axes in cylindrical co- { v,=@® om sw, + rw, A | 
ordinates. Cloud Report 160. | at | 
. w= Os — rw, + yw, | 
: Ot . sail. 
ro Ow Ov i} 
| 1 mag —" Oz . ' 
(5) Angular velocities omitting the subscripts in u,,v,, w,. {| 20,= ““ — — 
Cloud Report 162. | — 
| Qu = 0 ad d - v 
— 7 DIE + ow 
OV OP Ou Ou du sv 
~ On pow at bails Ow i ds Oz. @ 
: . ‘ ° : ‘ Ov Ov Ov ur 
(6) General equations of motion symmetrically O=—+u—+w —+ 
about the z-axis. Cloud Report 161. at Ow zg @ 
OV @P dw Ow Ow 
Oz poz ~ Ot + © OW +w a 
: — _ j IV Aw j ‘ 
(7) Equation of continuity. Cloud Report 165. ! ah ‘axa be on ne ie 
. ( OW O¢g Oz OD” TH Oz 
IP 2 
/— vm = yp — 2ne08 Ov — + ku. 
pe mo 
| 5p ‘ ’ 
(8) General equations of motion on the rotary earth. , — of “ “ + 2ncosé-u ry, + kv. 
Cloud Report 165. | pap - & w 
oP dw 
poz ~— dt 


(9) It is convenient usually to take the positive direction of 
the z-axis upward, but to place the plane x y below the 
sea-level surface. 


The velocity coordinates u, v, w in forms of the current function ¢. 


In discussing problems in vortex motion, it is convenient. to 
use the current function «’, which is deduced from the equation 
of continuity. This equation is: 

Ou u Ow 
‘ia da tata =” 
and it may take the form, 
0 Ow 
= ian (um) + == 0. 


This is satisfied by substituting the velocities, 


(11) 


which are known as Stokes’s functions. 
In order to satisfy the second equation of motion in 161, 


9 
where the motion is steady and a = 0, the value of v is, 


(13) 


/, 


¢ 


U= 7’ 


so that ¢) = va is the constant in vortex motion. 
Substituting these values of u, v, w in (161),, we have, 


1 de Oy 
~~ wow Oz 


(14) 


1 d¢ 


1 O¢ OW 
odzo''o'd2 dG DIze" ~ 


1 d¢ 


In the case of steady motion, if the second equation of 161 
is multiplied by », we have, 


1 Ad¢ 1 d¢ Ov Ov ito} 
» — «x= = 5 ; — . 
(12) Um — Fa MO + aa? (15) uv + UD + ww, + wo Aa = 0 
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) A= § a , ici icti ki , : 
Since = == @, 26 may also be written, } —— , and the coefficient of friction /-, is deduced to be, 
0 , 0 ier dt ~ °, 
(16) Uy (BY) + w » (mv) = 0. 
This shows that ¢ = vm = constant is a solution and de- (26) tani = 


velops the vortex law required. Any function of ¢ which 
satisfies this equation will be a solution of the second equa- 
tion of motion. 

(17) Hence, wv = f(y’) = an arbitrary function of ¢, is a solu- 
tion of the second equation of motion. 

We can eliminate the potential and pressure terms from the 
first and third equations of motion by differentiating the first 
to z, the third to », subtracting and substituting the angular 
velocity, 20, = vl _ = in terms of ¢. Following these pre- 


cepts we obtain the general vortex equation. 
(18) 


The following auxiliaries are found from u and a, 
Ou 01<d¢ 


9 —" ; vuw= bp). 
ql ) OD 0G Oz f(s ) 
Ow 01 d¢ v= =[f(¢) }' 
20 - = . = 
(20) Oz Oz wdm mw ow 


. Ou Ow 1 /d*? 1 dy Oy 
(21) : oa ae dz Oa)  w\dn* wd + Oz 


Making the substitutions, we obtain 


0 Ou ’ Ow F 0 Lf (+) }? 
(22) Om 54 (24) + Fy (2%) + Oz (30,)— Oz a* 
Hence, 
1 0 (dd 1 Ou Pg OW 
2: Oo=— —_ ae aout ‘ 
(23) wit (a ma OW + Oz )+ Oz 


Oo” OAT1 (HY 
~ Om O@2|o'\dn" 


Any function of ¢ satisfying this equation is capable of giv- 
ing a vortex motion. In the application to the atmospheres 
of the earth and the sun some simple forms will be considered 
and illustrated by examples from the observations. Inasmuch 
as it is not possible to make observations in all parts of the 
tornadoes, hurricanes, and cyclones, it has been very difficult 
to secure the values of the constants entering into the formu- 
las, but it is thought that this trouble has now been overcome. 
The simultaneous operation of the current function ¢ in equa- 
tions (17) and (23) is necessary in order to combine the veloci- 
ties u, v, win a consistent vortical motion. That we may make 
it clear in what respects the solutions adopted in these papers 
differ from other solutions found in previous discussions, the 
following brief recapitulation is summarized from my Cloud 
Report, 1898-99, p. 595-603. 

Ferrel’s solution.—Ferrel took the second equation of (8), 
and for assumed symmetry about the z-axis with no friction, 
kvu=0, reduced it to the form, 


(24) 
From this by integration within a fixt cylindrical surface 
of radius »,, he deduced the tangential velocity 


w 2 
(25) v= (g2:—1 )wncose, 
at the distance » from the axis. The angle of divergence of 
the stream line on the horizontal plan from the tangent to 
the isobar, in terms of the coefficient of the deflecting force, 


dv 
di + (2n cos 0+y,) u =. 


O=— Of/du Ow Ou (du Ow 
Ot\ dz Ow + dm\ az dw 


A+ - 


This signifies that the cause of the departure of the currents 
entering the closed isobars is the effect of the friction and 
the deflecting force upon the tangential component. But we 
shall show that the angle i is due to an entirely different set 
of circumstances as a primary cause, tho its normal value on a 
given level or stratum may be slightly modified by these two 
auxiliary forces. 

The German solution.—The second equation of motion has 
generally been discust in a different manner by the German 
meteorologists, who have used two other solutions of which it 


Ow / Ou Ow 0 v? 
+ dz\ dz da) dz ( wo 
is capable when the fuller form is employed, namely, 


(27) 


Ov uv : 
at + 7 + hutkv=0. 

These two-type solutions are common to the works of Guld- 
berg and Mohn, Sprung, Oberbeck, Pockels, and others, wherein 
Oberbeck and Pockels have introduced modifying factors into 
the simple solution of Guldberg and Mohn or Sprung. One 
solution is taken applicable to the inner part of a cyclone, and 
the other to the outer part. 


1 AO” 4 Oy 
aom O2* 


0 1 /dY¢ 
go|o'\an* 
7.1 OF (¢) 
1 Ov =) 2/ (¢ ) Oz 
oom + Oz" rig a* 


First solution Second solution 


(inner part). (outer part). 
(28) Radial velocity — —5 rm. u=—° 
(29) Tangential velocity v=+ — ° : Oz. vs + : = : 
(30) Vertical velocity w= + cz. w= 0 
D k—e k 
(31) Angle of inclination, tan i= : =— = , tani= ee rr 
Current function (u.w) ¢,= rf m* z, q) = e2 
(32) | ; ‘ 
lo f . a ee » de di - 
urrent function (v) ¢,= Q9b—c™ *: Gye) 2 


It is seen that these solutions depend upon three constants: 
k, the coefficient of friction; 4, the coefficient of the deflecting 
force due to the earth’s rotation; and c, the coefficient of the 
vertical distance z from the plane of reference, in order to 
produce the observed angle of inclination. The current func- 
tions derived from these solutions are, however, inconsistent. 
If Stokes’s functions be applied to u and w in the first solution, 


C ; : 

then ¢),= 9 mz; but if the vortex law, ¢=vm=constant, is 
ea te i : 

used, then ¢’, = —. wz, which isa different value of ¢. In 


the same way, by means of Stokes’s functions, ( w) give for the 
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current function ¢,=cz, while the vortex law ¢,=vm=c = 


a constant, but differing in value from ¢,. Hence, «’, = const. 
¢,; or ¢, = const. ¢,. In nature, there is no outer part 
of a cyclone where w~=0, and there is no boundary where 
the law of motion changes suddenly from the parabolic 


type, = = constant, to the hyperbolic type, v » = constant, as 


is called for in these solutions. Nor is it possible that the 
natural values of /, 4, c can account for the observed angle 
in all levels, and they are by no means constant even on the 
same vortex tube. 


SOLUTION FOR THE FUNNEL-SHAPED VORTEX TUBE. COTTAGE CITY 


WATERSPOUT, CHAMBERLAIN 3d a. 


Since my solution for the vortex represented in Chamber- 
lain’s photograph 3d A of the Cottage City waterspout, Montuiy 
Wearuer Review, July, 1906, Plate VIII, approximates the type 
which is involved in the first solution, inner part, as applied 
by the German meteorologists to the cyclone, I will take up 
that problem before the others, and will then illustrate the other 
type by Chamberlain’s 2d A, Plate I, the St. Louis tornado, and 
the De Witte typhoon. The ocean cyclone and the land cyclone 
are impure vortices of the latter type. Unfortunately, by 
adopting the present procedure it is not possible at the outset 
to demonstrate my method of finding the values of the con- 
stants required in the evaluation of the formulas in this special 
case. Having only the photograph of the tube, which gives 
the outline of the vortex, but no idea of the velocities in the 
several directions, it has been exceedingly difficult to discover 
what the vortex constants are in nature. They were finally 


m 
(38) Ratio. log p = log * 
(39) Constant. log C, = log C, + 2n log p = 
(40) Radius. log #, = log m, — n log p = 
(41) Radial. log u, = log u, + n log p = 
(42) Tangential. log v, = log v, + n log p = 
(43) Vertical. log w, = log w, + 2n log p = 
(44) Horizontal. log tan i, = constant. 
(45) Vertical. log tan 7, = log tany, + nlogp = 
(46) Time. log t,, = log t, — 2n log p = 
2 2 
(47) Volume. Volume = = (m,— a) = 
2 fay? 
(48) Centrifugal. log (“) = log (“)+ 3nlogp = 
n 0 
> By, — Bu+1 Dy 
(49) Pressure. log yaar ae log he 


Formulas for the radial, tangential, and vertical velocities. 


It will be convenient to use different coordinate axes in 
solving the two types of vortices represented respectively by 
the funnel-shaped and the dumb-bell-shaped tubes, photo- 
graphed in Chamberlain 3d A and 2d A. For the former the 
z-axis should be taken positive downward from a reference plane 
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obtained by starting with the hurricane, and advancing thru 
the tornado and the second waterspout vortex to the first type 
now under consideration. Many efforts were made before this 
successful result was obtained, the outcome being now checked 
by reproducing a vortex whose dimensions agree closely 
with that represented in the photograph when the latter is 
translated into meters by the scale already found to apply, 
namely, J millimeter on the photograph = 18.3 meters at the water- 
spout. The derivation of the formulas is very simple after the 
form of the vortex function has been determined. That form 
which is applicable to the funnel-shaped vortex tube is, 


(33) ¢ = Co* z, 
From this formula we find by differentiation, 
(34) Oe = 20m, 2% 220s, and, 
(35) ri = Os", - =0, so that, 
(36) wh _ a - = 202 - 2Cz + 0 = 0, and hence 


the general vortex equation (23) is satisfied. The last term is 
obtained from the centrifugal force. Thus, since f()=va= 
Co'*z, we have, 

Of (¢) 


Oz 2002 .Ca’ 
= 8 


2 f (+) 


o* ra] 


(34) = 20m, 

The structure of the vortex is such that the following rela- 
tions hold true on the same level, as will be illustrated in the 
discussion of the Cottage City waterspout. 


= the ratio between successive tubes. 


m 
log C, + 2n log ~ " 


By, 
log m, — n log — sat 


] +nl : 
l y - 
og u, + n log a 


U 


. 
+I 


uw, 
log v, + n log a 


log w, + 2n log — ; 
n+ 


log tan », + n log _" 


Laa) 
log t, — 2n log = 


n+1 


n 


constant. 


n 
+1 


uv" 3n | mw 
log (") + 3n log a 


Dn 
= log p = log Ses’ 
near the base of the cumulus cloud from which the vortex is 
projected; for the latter the reference plane is below the sur- 
face of the sea, and the z-axis is positive upward. The reason 
for this change in the direction of the coordinates will clearly 
appear in the discussion of the examples of the dumb-bell 


vortex. 
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Fia. 2.—The (mz) lines in a funnel vortex for different values of the constant C. The horizontal dimensions have been magnified ten times, relative 
to the vertical dimensions, in order to exhibit the internal structure. 


TABLE 3.— Formulas applicable to the funnel vortex. 


Number of column. 1 2 3 4 5 6 
. ? ch = 
Current function. = gg 6= Cm'z= w= ums = —» w 
: P a ¢ t u u 
Constant of vortices. C = _ = = = = — 52 
wo m*s mz m a 
Radial velocit 1d’ 0G v ¢ wm 
- = r wo = == = — 
tadial velocity u mdz 2 mz 22 
. ¢ . ¢) w 
Tangential velocity. « = a = Coz = “us = a = Qe. 
1 Oy Quz Ze) yah 
i sj L o=ll = 2Cz =lc - as «= 2 —_— . 
Vertical velocity = a a = 


The formulas for the radial (u), tangential (v), and vertical 
(w) velocities are given in Table 3, together with several 
check combinations. 

Having adopted the form of current function, ¢, then the 
radial and vertical velocities are found from Stokes’s functions 
and the tangential velocity from the vortex law, ¢= vm = 
constant. It is evident that one value of the constant C holds 
true for a single stream line (wz), but changes its value from 
one vortex tube to another. Thus, for the lines in the Cottage 
City waterspout, we have for— 


Line (1) @, = 0.001111. 
Line (2) (C, = 0.002862. 
Line (3) C, = 0.007372. 
Line (4) ©, = 0.018990. 
Line (5) ©, = 0.048910. 
Line (6) C, = 0.126000. 


It was for a long while impossible to discover a method for 
computing these values of C,, C,, etc., because no velocities 
but only the dimensions of the outer sheath (1) were available 
for use. It is seen by the formulas that the dimensions of the 
vortex depend upon (, even when the (™, z) are known, so 
that if the height z and the radius ™ are given at successive 
points it is yet necessary to know C before the velocities can 
be computed even approximately. The velocities (u, v, w) all 
increase with C, and hence they are all greater in the interior 
in proportion to the approach to the axis; uv increases but » 
and w diminish with approach to the plane of reference at the 
base of the cloud, as determined by the formulas in column 3. 

In a vortex of this kind the simplest relation is that the 
ratios of the successive radii are equal and constant, so that, 


et ee a, 
wo, o, wo, Dn ty 
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If the values of the radii of successive isobars can be meas- 
ured, w, (outer), ©, @,, .... ®, (inner) the value of p can be 
readily computed. The approximate radii of the circular iso- 
bars in hurricanes and cyclones can be thus measured on the 
charts, and from these the value of p, and log p, determined as 
a mean. Thus for four cases, i. e., the De Witte hurricane, 
the St. Louis tornado, a typical large ocean cyclone, and a 
typical large land cyclone, I have computed log p from the 
available data. (See Table 4.) 


TABLE 4.— Values of log p in several vortices. 


ma ] 











De W. hurricane. 8. L. tornado. Ocean cyclone, Land cyclone, 
B log p r log p , r log p log p 
760 a | oo ie 7 
0. 20412 | 0. 20412 0. 10266 - 0. 10791 
730 745 750 oo | 755 
0. 19269 0, 20412 | 0. 10914 eS 0.12390 | ¢ 
740 735 | 745 s= 750 2 
0, 21904 | w 0. 19382 | = | 0.10008 | 3 0, 15924 } 5 
7 a | 725 a | 740 SS | 745 = 
0. 16230 } = 0. 23408 } % | 0. 10959 | = 0, 22874 | > 
720 aos 5 715 5 735 a 740 a 
. 23798 | C 0.19189 | © | 0. 10400 0, 43573 
710 705 | 730 - 735 
0. 22578 0, 21388 | 0.12665 | = 
700 695 | 725 te 
0, 19626 | 0.19629) | 0. 16428 f= 
690 J 685 J 720 ase Ss 
. 24055 
Means .. .0. 20563 0. 20546 0. 10500 


1, 6056 1, 60495 1, 27350 


In the hurricane and tornado, log p is practically constant 
and nearly the same in value; in the ocean cyclone it is con- 
stant outside of the isobar 730, but increases in value toward 
the axis from isobar 730 to isobar 715, showing that the ocean 
cyclone is not a pure vortex near the center. In the land 
cyclone, log p is not constant, but enlarges in the same ratio 
that occurs near the center of the ocean cyclone, showing that 
the land cyclones do not follow the pure vortex law, even 
approximately. 

Since the Cottage City waterspout resembles the pure vor- 
tices of the tornado and hurricane more than the imperfect 
vortices of the ocean and land cyclones, it is proper to adopt 
log p = 0.20546 as an approximate value. It may be found 
that some such value of log p is a characteristic of the earth’s 
atmosphere, when its small vortices develop freely; that is, it 
may be a typical constant, while other atmospheres may op- 
erate according to a different constant. 

The current function constant, 

log ¢ = log (ua) = 2.60206, 

has been determined by a series of trials, which it is not nec- 
essary here to enumerate. If it were possible to measure the 
tangential velocity v at any point (@,z) in the vortex, as, for 
instance, on the sheath, where it begins to expand rapidly be- 
fore merging with the cloud, then we should have ¢ = va = 
constant. Several such measures at different points on the 
sheath (v, @,), (v, @,), ete., would give several values for the 
constant, and the mean could be taken as available thruout the 
vortex. This can be done for the tornado and the hurricane 
on the ground, or at the sea level; but with the waterspout it 
is possible only to assume certain values of v at a given height, 
z, measure #, compute the tube from the cloud to the sea 
level, and by interpolation compare with the observed dimen- 
sions as taken from the photograph. It was finally deter- 
mined to adopt the following initial data: 


f a = 60 meters. 


; - } v = 6.67 meters per second. 
At height z= 100 meters. | log ¢) = 2.60206 
log p = 0.20546 
Table 5 shows the manner in which the tube obtained from 
the computation to be given matches the dimensions scaled 
from the photograph, Chamberlain 3d A. 
63 5 
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TABLE 5.—Comparison of the computed and observed radii, Chamberlain 
Sd A, in meters. 


| 
Radius | Radius 


Height z. | computed | Chamberlain 
io} | 8d A.* 
0 a ere 
1 600. 0 (600) 
2 GAB: Nove cccntccbins 
5 OY ES Seer eet 
10 189.7 | 200 
2 120.0 | 125 
5 | 84.9 «=| 85 
100 =6| «60.0 | 0 
200 | 42.4 43 
300 | 34.6 35 
400 30.0 30 
500 26.8 25 
600 24.5 238 
700 22.7 22 
800 21.2 20 
900 20.0 19 
1000 19.0 18 
1100 BR 3 Le cccnsecbusnse 
*1 millimeter on photograph = 18.3 meters at the waterspout. 


There is some uncertainty in tracing the form of the vortex 
head near the cloud, but the darkening of the cloud in Cham- 
berlain 3d A and 3d B indicates that the vortex spreads out 
to about 1200 meters in diameter, something like the height 
of the cloud base from the sea level. This gives 600 meters 
radius near the plane of reference, as in the table. At the 
bottom the tube is surrounded by a lofty cascade, which pre- 
vents the measurement of the radius at the level z= 1100 
meters. 

The constants C are found at first from computations with 
log “, m, 2 on the level z= 100, using the measured radius 
m,, and applying log p to the log o, by formula (30), in suc- 
cession from the outer to the inner tubes, which are supposed 
to be separated from each other by the pressure in millimeters 
of mercury, as determined by (49). An example of the pre- 
liminary computation is shown in full in Table 6. 

The results of Table 6, Section I, there computed for the 
height z=100 meters, are entered in sections I, I, III, table 
7, in the appropriate line, and printed in heavier type. The 
other parts of these tables are to be computed from these 
data for all the other altitudes. Having computed the radial 
distance from the axis at all altitudes in order to find the 
radial component u, it is only necessary to multiply o by the 
C of the respective lines; to find the tangential component it is 
enough to multiply u at each point by the height z; and to 
obtain the vertical component it is sufficient to multiply —2C 
by the height z. In this vortex the component velocities and 
the coordinate distances stand in very simple relations, and 
this is probably one reason why the atmosphere tends to cir- 
culate according to this simple solution of the second equa- 
tion of motion. 

An inspection of Table 7, Sections I, II, III, shows that the 
following facts hold true in regard to the velocities. The 
radial component uv increases slowly upward thru the long, 
tapering tube till very near the cloud base, and it then 
increases very rapidly; it is greater in the interior of the vor- 
tex than in the outside tubes, showing that the inner helices 
slope outward more rapidly than do the outer ones; it is 
probable that the extreme actual radial velocity in a horizontal 
plane near the cloud is practically about 5 meters per second 
where the tangential rotating velocity disappears. The fan- 
gential velocity decreases rapidly upward, especially in the 
inner tubes, and it increases rapidly from the outer tube 
toward the axis, where it may amount to 200 meters per sec- 
ond, or 447 miles per hour. It is not probable that such enor- 
mous velocities exist in the atmosphere even under vortex con- 
ditions, but a pure vortex evidently develops tremendous 
gyratory motions very near the axis. The vertical velocity de- 
creases rapidly upward, more so as the tubes diminish their 
dimensions; but it increases toward the axis, where it may 
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log a 
wo 


log a" 
e 
oz 





log C 
Cc 


log Ca 
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log Y 
ro 
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— log 2 Cz 
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0. 82391 
6. 67 


—9. 34679 
—(, 222 


These data can be used to test the other 








attain the enormous velocity of 250 meters per second, or 559 
miles per hour. In the extreme total velocity, at the point 
where this computation ends, if the vortex actually develops 
so near the axis, we have, 
q, = [ (0.18) + (146.7) + (107.6)? ]}'/2 = 182 meters per second, 
or 407 miles per hour. 
In Table 8 are given the total velocity ¢ at numerous points 
within the vortex, the horizontal angle 7, which it makes in 


the plane at the height z, and at the point , ¢ with the tangent 
to the circle; also the vertical angle 7, which it makes at the 


TABLE 6.—Cottage City Waterspout. Chamberlain, 3d A. Computation of the radius a thruout the vortez. 
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system of coordinates. 























II. Zz log < 
0 — oo 
10 | 1. 00000 
100 | 2. 00000 
200; 2.30103 | 
300 2. 47712 | 
700 2. 84510 | 
1100 3. 04139 | 
Ill. Pd 
0 
1 
2 
5 
10 | 
25 | 
50 | 
100 | 
| 
: 300 | 
400 | 
500 | 
600 | 
700 | 
800 | 
900 | 
1000 | 
1100 | 





log C,z | 


ome | 
8. 04576 | 
9. 04576 
9. 34679 
9. 52288 
9. 89086 | 
0. 08715 | 


Radius c in all parts of the vortex. 


loga’® | 


@ 

4. 55630 | 
3. 55630 
3. 25527 | 
3.07918 | 
2.71120 | 
2.51491 | 


These computations need not be 
executed. 


| 


For the other values of C,, following C, = 0. 001111 it is sufficient to subtract log p = 0. 20546 from the values of log =, 
under C, in succession to one another in Section IL The log m of Section I appears in its place in Section II. 


— 


log =, 


@ 
2. 27815 
1. 77815 
1. 62764 
1. 53959 
1. 35560 


1. 25746 | 


a, 


@ 

600. 0 

424.3 

268.4 

189.7 

120.0 
84.9 
60.0 
42.4 
34.6 
30.0 
26.8 
24.5 
22.7 
21.2 
20.0 
19.0 
18.1 


log o, 


| @ 

2. 07269 
1. 57269 
1, 42218 
1. 33413 
1. 15014 
1. 05200 


By 


@ 
373. 
264. 
167. 
118. 

74. 
52. 
37. 
26. 
21. 
18. 
16. 
15. 
14. 
13. 
12. 
11. 


11.3 


DOO KH DO ~1-1D & hm OW do Doe Ow 


1. 86723 
1. 36723 
1, 21672 
1, 12867 
0. 94468 
0. 84654 


1. 66177 
1.16177 
1. 01126 
0. 92321 
0. 73922 


0. 64108 | 


a 
Peper asapsse SB 
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same point with the tangent. (See fig. 1.) The angle 7 is 
positive outward and the angle 7 is negative upward in this 
Section I of this table shows that the 
angle i is the same for each tube on a given section at the 
height z, and: it increases upward slowly thru the long, taper- 
ing tube and very rapidly in the last 10 meters, where the 
motion of ¢ is becoming asymptotic to the plane of reference. 
The angle 7 decreases upward and becomes zero at the cloud 
base; it increases rapidly from the outer tube toward the axis, 
and seems to be limited by the angle 36° on tube 5. The 
angle of the pitch of the helix is steeper near the center of the 


Assume o= 60 at z= 100; log y= 2. 60206; log p= 0. 20546. 
(2) (3) (4) (5) (6) Formula. 
1.57269 1. 36723 1.16177 | 0.95631 | 0. 75085 < 
37.4 23.3 14.5 | 9.0 | 5.6 O41, = ry 
| | 
3.14538 | 2.73446 2.32354  1.91262| 1.50170 | 
2. 00000 2. 00000 2.00000 | 2.00000} — 2.00000 | 
5. 14538 4. 73446 4.32354! 3.91262) 3.50170 | 
| | 
7. 45668 7. 86760 8.27852 | 8.68944 9. 10086 | 
0. 002862 6. 007372 0. 01899 0. 04891 0. 12600 | C= y 
9. 02937 9. 23483 9. 44029 9. 64575 9.85121 | 
0. 1070 0.1717 0.2756 | 0. 4423 0.7099 | u=Co. 
1. 02987 1. 23483 1. 44029 | 1.64575 | 1.85121 
10. 70 17.17 q7.56 | 44. 23 70. 99 jem 
| a 
—9.75771 | —0.16863 | —0.57955 | —0. 99047 | — 1. 40139 
—0. 572 —1, 474 —3.798 | —9.783 | —25.199 | w=—20Cz. 


| values of (mz), we proceed as follows, showing as examples a few of the levels only for C,= 0. 00111; o* = 


log a 


@ 
1. 45631 
0. 95631 
0. 80580 
0.71775 
0. 53376 
0. 43562 
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formulas given in Table 3. In computing from the 100-meter level to other 
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1. 25085 
0. 75085 
0. 60034 
0. 51229 
0. 32830 
0. 23016 
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voytex at the sea level than at any other point, the pitch 
diminishing upward and outward. The total velocity q is 
greatest near the axis at sea level, it diminishes rapidly outward 
and upward, and its magnitude near the axis is astonishing. 
The time of the rotation of a particle on a given plane is found 
as follows. The length of the path is 2 za, the velocity v; so 


rr 09) 


that ¢ = :  - ‘Take as an example the plane z= 1100. (See 


Table 9.) 

It takes 5.14 seconds to make one circuit about the axis at 
the surface of the ocean on the outer tube, and 0.04 second, 
i. e., one twenty-fifth of a second, on the sixth or inner tube. 
Subtracting the successive values of log t, (logt, — log?t,).. ., 
the result is 2 log p in all cases, so that the time of rotation in 
the different parts of the vortex can be computed from a few 
initial values. In this way it is seen that even a few isolated 
observations of the radius @ and velocity v can be used to con- 
struct the entire vortex. A single anemometer record in a 
vortex at a distance # from the center of the track is there- 


TABLE 7.— Computation of the radial, tangential, and vertical velocities thru- 
out the vortex. 


I. THE RADIAL COMPONENT, u=Coa. 


(1) (2) (3) (4) (5) (6) 


2 log 1 log tg log ug log us, log us log us 
0 x ao ao mn Le) 2) 
10 9. 32491 9. 53037 9. 73583 9. 94129 0. 14675 0. 35221 
100 8.82391 9. 02937 9. 23483 9. 44029 9.64575 9. 85121 
200 8. 67340 8. 87886 9. 08422 9. 28978 9. 49524 9. 70070 
300 8. 58535 8. 79081 8. 99627 9. 20173 9. 40719 9. 61265 
700 8. 40136 8, 60682 8. 81228 9. 01774 9, 22320 9. 42866 
1100 8. 30222 8. 50868 8.71414 8. 91960 9. 12506 9. 33052 
2 “ .7 Us Uy Us U6 
0 9) Da an a wo a 
1 0. 667 1. 070 1,717 2. 756 4.423 7.099 
2 0.471 0.757 | 1. 214 1. 949 3.128 5. 020 
5 0, 298 0. 479 0, 768 1, 233 1. 978 8.175 
10 0.211 0, 339 0. 544 0. 874 1, 402 2,250 
25 0. 133 0.214 | 0.343 0.551 0. 885 1,420 
50 0. 094 0.151 | 0.243 0. 390 0. 626 1,004 
100 0.067 0.107 | 0.172 0. 27 0.442 0.710 
200 0. 047 0. 076 0. 121 0.195 0. 313 0. 502 
300 0. 039 0. 062 0. 099 0. 159 0. 255 0. 410 
400 0.033 0. 054 0. 086 0. 138 0. 221 0. 355 
500 0. 030 0. 048 0. 077 0. 123 0, 198 0. 318 
600 0. 027 0.044 0.070 0. 113 0, 180 0.290 
700 0.025 0. 040 0. 065 0. 104 0. 167 0. 268 
800 0. 023 0. 088 0.061 0. 097 0. 156 0,251 
900 0. 022 0. 036 0. 057 0. 092 0. 147 0. 237 
1000 0. 021 0. 084 0.054 0, 087 0. 140 0. 225 
1100 0.020 0. 032 0. 052 0.083 0.133 0. 214 


Il. THE TANGENTIAL COMPONENT, v=Coz. 


(1) (2) (3) (4) (5) (6) 


z log log v2 log 5 | log, log t's log v5 

0 —@ i —o@ —@ — @ —o 
10 0. 32391 0. 52937 0. 73483 0. 94029 1, 14575 1, 35121 
100 0. 82391 1. 02937 1. 23483 1. 44029 1. 64575 1. 85121 
200 0. 97442 1, 17988 1. 38534 1, 59080 1. 79626 2. 00172 
300 1, 06247 1, 26793 1, 47339 1, 67885 1, 88431 2. 08977 
700 1, 24646 1, 45192 1, 65738 1, 86284 2.06830 | 2.27376 
1100 1, 34460 1. 55006 1. 75552 1, 96098 2.16644 | 2.37190 

= " Ve U3 % U5 % 


0 0 0 0 0 0 0 

1 0.7 1.1 1.7 2.8 4.4 7.1 

2 0.9 1.5 2.4 3.9 6.3 10.0 

5 1.5 2.4 3.8 6.2 99 | 15.9 

10 2.1 3.4 5.4 8.7 140 | 22.5 
25 3.3 5.4 8.6 13.8 22.1 | 35.5 
50 4.7 7.6 12.1 19.5 31.3 | BO. 2 
6.7 10.7 17.2 27.6 44.2 | 71.0 

9.4 15.1 24.3 39.0 62.6 | 100.4 

11.6 18.5 29.7 47.7 76.6 | 122.9 

13.3 21.4 34.3 55.1 88.5 | 1420 

14.9 23.9 38.4 61.6 98.9 | 158.7 

16.3 26.2 42.1 67.5 108.8 | 178.9 

17.6 28. 3 45.4 | 72.9 117.0 | 187.8 

18.9 30.3 4.6 | 78.0 125.1 200, 8 

20.0 82.1 51.5 | 82.7 132.7 | 213.0 

21.1 33. 8 54.3 87.2 189.9 | 224.5 

22.1 85.5 57.0 91.4 146.7 235. 4 
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TABLE 7—Continued. III. THE VERTICAL COMPONENT, w= —2Cz. 














(1) (2) (3) (4) (5) (6) 
2 log w, log we log ws log w,4 log ws log we 
0 | —o — @ —o@ —@ — @ —o@ 
10 | 8.34679 | 8.75771 9.16863 9. 57955 9. 99047 0. 40139 
100 9.34679 | 9.75771 0.16863 0. 57966 0. 99047 1. 40139 
200 9.64782 | 0.05874 0. 46966 0. 88058 1, 29150 1. 70242 
300 | 9.82391 | 0.23483 ~ 0. 64575 1. 05667 1, 46759 1, 87851 
700 | 0.19189 | 0.60281 1. 01373 1, 42465 1, 83557 2. 24649 
1100 | 0,38818 | 0.79910 1. 21002 1, 62094 2. 08186 2, 44278 
| 
2 wy | We U's a Ws Ws 
| 
ie. | 0 0 0 0 0 
1 —0,0022 | —0. 0057 — 0.0147 | — 0.0380 | — 0.0978 | — 0.2520 
2 | —0.0044 | —0.0115 — 0.0295 | — 0.0760 | — 0.1957, — 0.5040 
5 | —0.0111 | —0. 0286 — 0.0737 ~ 0.1899 | — 0.4891; — 1,260 
10 | —0,0222 —0. 0572 — 0.1474 | — 0.3798 | — 0.9783| — 2.520 
25 —0. 0556 | —0. 1431 — 0.3686 | — 0.9495 | — 2446 | — 6.300 
50 | —0.1110 —0. 2862 — 0.7372 — 1,899 — 4,891 — 12.60 
100 | —0.222 | —0.672 | — 1.474 — 3.798 — 9 — 26.20 
200 | 0.4440 | —1.165 | 2.949 — 7.596 — 19.57 — 50.40 
300 | —0.667. | —1.717 | -- 4.428 | —11.39 — 29,35 75. 60 
400 | ~—0,889 | —2.290 — 5.898 —15. 19 — 39.13 —100, 80 
500 | —1.111 | —2.862 — 7.372 —18. 99 — 48.91 —126. 00 
600 | —1.333 | —3.434 | — 8.847 —22. 79 — 58.70 —151, 20 
700 | —1.556 | —4.007 | —10.82 | —26.59 — 68. 48 —176. 40 
800 | —1.778 —4,.579 | —11.79 | —80,38 — 78. 26 —201. 60 
900 | —2.000 —5.152 | —13.27 | —34.18 — 88.05 | —226. 80 
1000 | —2.222 | —5,724 | —14. 74 —87. 98 — 97. ~ 252. 00 
1100 | —2.444 | —6. 297 | —16, 22 —41.78 —107.61 | —277.20 


Notr.—This vortex probably does not develop beyond Gg, tig U5 ws. 


fore of great value in theoretical meteorological discussions. 
A consideration of the forces of pressure involved in these 
velocities is sufficient to see where the powerful destructive 
forces arise, whose effects are noted in the débris which mark 
the track of even a small funnel-shaped tornado tube. 


TABLE 8.— The angles (i, 7) which the current having the velocity of q makes 
with the tangent at (a, ¢). (Fig. 1.*) 


. _ = 
I.—HORIZONTAL ANGLE ¢ (tan i= *) . 

















a | @) | (3) |) 6) | (6) 

0 sa x wx | Ca) @ an 
10 9. 00100 9. 00100 9. 00100 9. 00100 9.00100 9, 00100 
50 8. 30104 8. 30104 8. 30104 8. 30104 8.30104 | 8, 80104 
100 8.00000 | 8.00000 | 8 8. 00000 8 8.00000 
300 7.52288 | 7.52288 | 7.52288 7. 52288 7.52288 | 7.52288 
500 7. 30104 7.30104 | 7.30104 7. 30104 7.30104 | 7.30104 
700 7.15490 | 7.15490 | 7.15490 7. 15490 7. 15490 7. 15490 
900 7.04576 | 7.04576 7. 04576 7. 04576 7.04576 | 7.04576 
1100 ’ | 6.95862 | 6.95862 6. 95862 6.95862 | 6.95862 

Bee: Bs pits edtA 

| °o td o , ° , °o , °o , °o , 
0 9 0 9 0 | © 0 9 0 9 0 9 0 
10 5 43 5 43 5 43 5 43 5 43 5 43 
50 [oT 1 9 | 1 9 1 9 1 9 1 9 
100 a | set “ee 0 34 0 34 0 34 
300 on | om] on 0 11 ie e 0 11 
500 a se 4 0 7 0 7 e667 e-7 
700 8 le 6.) 6 S 0 5 0 5 0 5 
900 oé6¢t) @ €eWie 4 0 4 0 4 0 4 
1100 os |} Oo 8 | 0 8 0 3 0 8 0 38 

IIl.— VERTICAL ANGLE tan 
-— VE JA } 7\(— y= weect 

- | @ 2 | @& | @ (5) (6) 

0 x | ao ao wo oO @ 
10 8.02071 | 822617 | 8. 43163 8.68709 8. 84255 9. 04801 
0 8.37287 | 8.57783 8. 78329 8. 98875 9. 19421 9. 39967 
100 8.52288 | 8.72884 | 8.98880 9. 13926 9. 34472 9.55018 
300 8. 76144 8.96690 | 9. 17286 9. 37782 9. 58328 9. 78874 
500 8.87287 | 9.07783 | 9.28329 9. 48875 9.69421 9, 89967 
700 8.94543 | 9.15089 | 9.35635 9, 56181 9. 76727 9.97278 
900 9.00000 | 9.20346 | 9.41092 9. 61638 9.82184 0. 02730 
1100 9.04358 | 9.24904 9. 45450 9. 65996 9. 86542 0. 07088 
°o , ° , °o , ° , ° , °o , 
0 sb t> oe i. oe 6 0 0 0 0 0 
10 03 | Oo 88 | 1 33 2 29 8 59 6 22 
50 11 | 21 | 8 28 5 34 8 53 4 6 
100 1 55 3 4 4 54 7 5 12 28 19 83 
300 3 18 | 5 18 8 28 13 25 20 58 31 36 
500 4 16 “6 49 10 52 17 8 26 19 38 26 
700 fe. Ss 12 48 20 2 30 20 43 12 
900 54 | 97 14 27 22 28 83 34 46 48 
1100 6 19 | 10 4 15 54 24 34 36 16 49 39 
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TABLE 8— Continued. 
11I.—TOTAL VELOCITY, q=(u?+ v?+ wt)’, 


| (1) (2) (3) (4) (5) (6) 

0 0.0 | 600 0. 00 0.00 0.00 0.00 

10 2.12 | 8. 40 5. 46 8.77 14. 09 22. 73 

50 472 «(| 7,57 12. 15 19. 50 31. 30 51.77 
100 | 6. 67 10. 71 17.18 27. 58 44. 26 75. 34 
300 | 11.6 18.6 30.1 49.1 | 80.2 14.3 
500 14.9 24.1 39.1 64.4 110. 3 202. 7 
700 |) =«(17.7 | 286 46. 6 77.6 135. 6 257.7 
900 | = 20.1 | $26 53. 2 89.4 159. 2 311.2 
1100 22.3 | 36.0 59.2 100.5 182. 0 363. 7 


* The vector (¢, ¢, 7) makes the angle ion the horizontal plane with the tangent at the 
point (@,¢) and the angle » in the vertical plane at the same point. The sec. i can be 
neglected except very near the cloud level where the angle é increases rapidly to 90°. 


TABLE 9.— Time to make one circuit at different distances a. 








s= 1100 (1) | (2) (3) | (5) (6) 

log © 1, 25746 | 1. 05200 0. 84654 0. 64108 0. 43562 0. 23016 

log 2” 0.79818 | 

log 2e™ 2, 05564 1, 85018 1. 64472 1, 43926 1, 23380 1. 02834 

log # 134460 1, 5006 1. 75552 1. 96098 2" 16644 2. $7190 

log ¢ 0. 71104 0. 30012 9. 88920 9. 47828 9. 06736 8. 65644 
t 5.14 2. 00 0.77 0. 30 0.12 0.04 


The volume of air transferred upward thru each horizontal 
section, in the areas bounded by the circles ,, m,, ™,,™,, ™,, %,, 
at a given elevation, is the same on a given level, and it is 
also the same thru every horizontal plane. In other words, 
the volume of air flowing upward is the same in every cylindri- 
cal ring-area bounded by the surfaces generated thru the 
revolution of the lines (™, z) around the central axis. This is 
easily computed by the formula, 

volume, V = z(m,’? — ™,,,,') Up, 
where w,, is the mean vertical velocity on a given ring section. 
Two examples are taken on the sections for z= 100, and z=1100 
meters. Take log m from Table 6, Section II, and log w from 
Table 7, Section III. 


TABLE 10.— Volume = x (a@,,? — G17) Wy, - 


i 
= 


| 
| (1) (2) (3) (4) + (8) (6) 


| 
log @ | 1,77815/ 1.57269 1.36723 | 1.16177 0.95631 0.75085 | Table 6, II. 
log "| 3.55690 3.14588 2.73446 2.32354 1.91262 1.50170 
a* 9600.0 1897. 60 542, 58 210. 64 81. 775 31. 747 


a 1. 2) 
n n+l | 2202.4 855.02 331.94 128.865 50,028 
log | %. 34290 «2.98198 | 2.52106 211014 1.69922 
log w | 9.84679 9.75771 0.16863 0.57955 | 0.99047 1.40139 | Table 7, III. 
| 
log Wy 9.55225 9.96317 0.37409 0.78501 1. 19593 
log * | 0.49715 0.49715 | 0.49715 | 0.49715 0. 49715 
log V 3.39230 8.39230 3.39230 3.39230 §= 3. 39230 
Volume | 2467.7 2467.7 | 2467.7) 2467.7 2467.7 
2 = 1100 (1) (2) (3) (4) (5) (6) 


0.64108 0.43562 0.23016 
200. 24 77,734 90.176 = 11. 7157 4. 5482 
2.30155 | 1, 89061 1.47966 1.06877 0.65784 


log @ 1.25746 1.05200 0. 84654 


2 2 
a, @,, +1 


log | 
log w,, 0.50364 | 1.00456 1.41548 1.82640 2.23732 
2468.0) 2467.8 2467.6 2467.8 2467.8 


Volume 

Since log w plots on a straight line, the mean vertical velocity 
for a given area between m, and ™,,, is found by taking log 
W,= 4 (log w,+ log w,,,). It is seen that the air is ascend- 
ing in the vortex at a rate of 2467.7 cubic meters per second 
thru each of the vortex tube rings. 
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THE PRESSURES IN THE VORTEX. 

It is inferred, by comparing the general equations of motion, 

6 and 8, that the pressure changes can be determined as fol- 
lows: On any given section at the level z the third equation 
need not be considered, because there is no integration in a 
vertical direction, dz, and the second equation can be omitted, 
oP 


_. = 0, so that there remains only the first equa- 
p m0¢g . 


since — 


) 
tion. The partial differentials u = +w _ can be neglected 


in this vortex where the radial velocity changes slowly, except 
Ou , : 
very near thecloud base; a= 0 in steady motion, and fu = 0, 


practically, so that there remains for computation only, 
10P v' 
——,- = — _ —2ncos/.v, 
p om m 
that is, the centrifugal and the deflecting force. 
This computation is summarized in Table 11, Section I, which 


° 


.2 
contains the log ~ , and ~ , derived from Table 7, Section II, 


and Table 6, Section II, the centrifugal force being exprest in 
mechanical units. Since the largest value of 2n cos ¢. v=0.0227, 
this term can be neglected. 
In integrating for the pressure, we have, 
af 


Pe o— vs +1 = Pm (“,) (m,, er uw, 1). 


The difference of pressure between successive rings ™,, 
©, ,, 18 equal to the mean density of the air at the elevation 
of the horizontal section z, multiplied by the mean centrifugal 
force from one ring to the other, multiplied by the distance 
from one ring to the other. Since the air density is not really 
known across the section, I can only take the mean density at 
the elevation z, tho it is not entirely correct and evidently 


too large. The mean centrifugal force (“) is easily found. 


Table 11, Section I, shows that on the same level the differ- 


ence of the logs of the — is + 3 log p = 3 x 0.20546 = 0.61638. 


The successive values of these logs plot on a straight line so 


52) 
that the mean (5) between the rings ™, and ™,,,, equals the 


mean of the logarithms. These values are given in Section II, 
together with the log », which has been taken as log ,,,. 


TABLE 11.—Computation of the pressure B,, — B,,,; thru equation C. R. 165,, 
or 8). 


” 


v 
I.—CENTRIFUGAL FORCE _ - 


D fecceecdscoes clocsanc cases slesc cc ceccces oloscccccescesslecccececccccslecceseccceces 
10 8. 36967 8. 98605 9. 60243 0, 21881 0. 83519 1, 45157 
50 9. 41811 0.03449 9. 65087 1, 26725 1.88363 | 2.5000! 

100 9. 86967 0. 48605 1. 10243 1. 71881 2. 33519 2. 95157 
300 0, 58535 1, 20173 1, 81811 2. 43449 3, 05087 3. 66725 
500 0. 91811 1. 5344 2. 15087 2. 76725 3.383638 | 4.00001 
700 1, 13732 1. 75870 2. 37008 2. 98646 3. 60284 4. 21922 
900 1. 30103 1.91741 2. 58379 3. 15017 3. 76655 4, 38293 
1100 1. 43174 2, 04812 2.66450 3, 28088 3. 89726 4. 51364 

DO fewnns ods covedecten ccs sscondececeesaeses cltceses baSudls sevcwcdeneqcsedned satess 
10 0. 023 j 0. 097 0. 400 1, 66 6.84 28. 3 
50 0. 262 j 1,083 4. 476 18.50 76.49 316.2 

100 0. 741 | 3. 062 12. 660 52. 34 216. 37 } 894. 5 
300 3. 849 15. 918 65. 783 271. 95 1124.3 4647.8 
500 8.181 34. 237 141,54 585. 13 2419.0 10000. 
700 13. 719 56. 715 234, 47 969. 30 4007.2 16566. 
900 20. 000 82. 682 341, 82 1413. 10 5841.9 24151. 
1100 27. 023 111. 720 461. 85 1909. 30 7893. 3 32632. 


2ncos@.v can be neglected. For [1100, (6)] 2n cos ¢v—=0.0227. 
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TABLE 11.—Continued. 
2 
1I.—LOG OF THE MEAN (") : 
.o) m 
(1)-(2) (2)-(3) (8)-(4) (4)-(5) (5)-(6) 10 Pm 
Oy res er SC NM ane: SI eS oem 0.04827 
10 8, 67786 9, 29424 9.91062 | 0.52700 | 1.14338 0. 04877 
50 9. 72630 0. 34268 0. 95906 1.57544 2. 19182 0. 05077 
100 0. 17786 0. 79424 1.41062 | 2.02700 | 2.64338 0. 05326 
300 | 0.89354 1.50992 | 2.12630 | 2.74268 | 3.35906 0. 06324 
500 1.22630 | 1.84268 2.45906 | 3.07544 8. 69182 0. 07322 
700 1, 44551 2. 06189 2.67827 | 3, 29465 3. 911038 0. 08320 
900 1, 60922 2. 22560 2. 84198 8. 45836 4. 07474 0. 09319 
1100 1, 73993 2. 35631 2. 97269 3. 58907 4, 20545 0. 10318 
vy 
III. —PRESSURE P,, — Py sj = Pm ( ) (By —Bp+1)- 
7] m 
(1)-(2) (2)-(3) (3)-(4) (4)-(5) (5)-(6) 
DW fecccceccesessencicsesan 600660000 01006 66060506 5008:0106660 8dseugeerileieentonneges 
10 3. 81 9.8 25.3 65.1 167.8 
50 19.14 49.3 127.0 327.1 842.7 
100 38,51 99. 2 255. 5 658. 1 1695. 2 
300 118. 2 304. 5 784. 2 2020. 1 5203. 6 
500 201.6 519. 2 1337. 4 3445.1 8874. 0 
700 288. 8 743.9 1916.1 4935. 4 12713.0 
900 379.9 978. 6 2520. 7 6492. 7 16724. 0 
1100 475.1 1233. 9 3152.6 8102. 6 20918. 0 


IV.—PRESSURE B, — By y=(Py — Po) X 0.0075 (in mm). 


(1)-(2) (2)-(3) (3)-(4) (4)-(5) (5)-(6) 
WD bicrvencusacansschesced tesezieceethinrenciss pinenspeacenkiigensic Sense ienenn dein’ 

10 0. 029 0.07 0.2 0.5 1.3 
50 0. 144 0. 37 1.0 2.5 6.3 
100 0,289 0.74 1.9 4.9 12.7 
300 0. 887 2. 28 5.9 15.2 39.0 
500 1,512 8. 89 10.1 25. 8 66. 6 
700 2. 166 5. 58 14.4 37.0 95.4 
900 2. 849 7.34 18.9 48.7 125.4 
1100 3.564 9. 18 23.7 60.9 156.9 


The resulting difference of pressure between successive 
rings, at each successive elevation, is given in Section III, and 
the corresponding pressure differences in millimeters of mer- 
cury in Section IV. Hence, on the level z= 1100 meters, near 
the surface of the water, we have, 


om 1.7 2.7 ow, 4.4 oa, 7.0 oa, 


11.3 oo, 18.1 
B, 509.0 B, 665.9 B, 726.8 B, 7505 B, 7597 


B, 763.3 


so that the difference of pressure between ring o, and ring o, 
is equal to 97.4 mm. = 3.885 inches of mercury. “By the ther- 
modynamic computations on the waterspout summarized in 
Table 51, Monraty Wearuer Review, August, 1906, it was found 
that the difference of pressure between the cloud base and the 
sea level is 91.3 mm. = 3.595 inches of mercury. It is not 
too much to suppose that this difference, 97.4 — 91.3= 6.1 mm., 
is due to two causes, (1) an imperfection in the value of the 
density log p,,, = 0.10318, which should probably be taken less 
in the interior of the vortex than on the outside; and (2) the 
fact that the inner ring of the vortex which actually develops 
in nature may not exactly coincide with m,= 2.7. That is, the 
central calm may not be exactly 5.4 meters in diameter. In- 
deed, the solution of the equations for Bessel’s functions, 
O*¢ ld¢g . 
In mdm +o'r=s, 

which can be derived from the vortex equation, 

Or” ld . &y 

On =wdm + a7 ™ 3ae, 
results in a root, a ©, = 3.832. It is alias that a= 1, and 
it has been taken as unity in the formulas for this waterspout, 
so that m, = 3.832, which is the radius of the closest vortex 
tube to the axis. My computation carried the development to 
©, = 1.70 meters, but it should probably stop short of », = 2.7, 
tho at what point it is not possible to decide. We may con- 
clude that the innermost pressure of the vortex at the sea level is 
about equal to that at the cloud level from whence the vortex was pro- 
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jected. This view can be strengthened by the following con- 
sideration. In a pure vortex of this type the rotating velocity 
next to the calm core at any level is apparently equal to that 
of a body falling freely from the plane of reference thru the 
distance z, so that v* = 2 gz. 

TABLE 12.— Comparison of v, with v and q. 


Comparison of v= /f/2 gz with vs; in 


Comparison of vs with g=23.06 / T.SB/B. 
Table 7, Section II. 


2 log 2g 2 log v v Us; From formula 13, page 470, Monthly Weather 
oil Review, October, 1906: 

0 0.0 0.0 | Be rT 

10 | 2.29252 1.14696 | 140 140 | g= 2.067 T AB. 

50 | 2.99149 1,49575 31.3 31.3 | 
100 | «8.29252 1. 64626 44.3 44.2 ( T =292.7°, Table 51. 
300 3. 76964 1.88482 76.7 76.6 For < A B== 97.4"™, 763.3—665.9== B, —B;, 
500 | 3.99149 1.99575 | 99.0 98.9 |B = 763 30’ Table 51. 
700 | 4.13762 2.06881 | 117.2 117.0 
900 | 4.24676 2 12838 | 1829 1927 | ge engun 06,0 motese per ensend, 


1100 4.33391 2.16696 | 


The close agreement between the value of the falling veloc- 
ity, v= /2gz, and v,, the velocity on the edge of the core, as 
given in Table 7, Section II, seems to indicate that this is a 
possible way in which to begin the discussion of such vortices 
in the atmosphere, or at least to check the results, as in this 
instance. 

By plotting the points in a curve indicated by the coordi- 
nates (ow, B,—B,,,), as given in Table 6, II, for the radial 
distance m, and in Table 11, IV, for the differences of the 
pressure between successive rings, it is found that they form 
a logarithmic curve, and consequently the logarithms of these 
coordinates plot on a straight line. The computation shows 
that 


B,— ) 
log (Ba-Bas) 210g p == 2x 0.20546=0.410 
og (B._, ss ‘) og ¢ x 41092, 
log On = logp = = ().20546, 
Ont 
B,—B,.,) om 
Hence, _ lo (B,, nt17— lo "= log p = 0.20546, 
. (B,4—B,) ° On+1 . 


so that the logarithmic relation between the spaces within 
the successive vortex tubes and the corresponding pressures 


Tn — 0.20546 


n+1 


is thus determined. This value of log p = log 


is fundamental to the structure of a vortex, and it seems to be 
an atmospheric constant which should be carefully determined. 


RELATION OF THE TEMPERATURE TO THE VORTEX MOTION. 


The thermodynamic energy which generated this water- 
spout may be attributed to two principal sources. The first 
is the vertical rise of the lower strata induced by the general 
cloud motion and due to the overflowing cold stratification. 
The cloud generally rises in the central portions and falls on 
the edges, and this upward buoyancy is converted from a 
broad surface at the cloud base into a narrow vortex tube, 
wherein the cloud surface descends in a small area to the sea level. 
The second source of energy is the horizontal pressure flow 
of two strata of different temperatures, so that the pressure 
shall remain the same on each side of the surface of discon- 
tinuity. This subject will be taken up at length in the later 
papers of the series, but it may be noted here that the follow- 
ing relation holds: 


First stratum: 


dP, 
-f< = $(v,'— v,) + 9(2,— 4) 


Second stratum: — se = $(v,— v,) + 9 (2, — 4) 


In order that on the same boundary, where z, = z,, the pres- 
sure shall be the same, P, = P,, after subtracting there will 
remain, 


See +> eee eR alae 
se - oe oe 


| 
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P; 4 (v," = v,") = Py } (v," _— Vy) 
From the general law, 


ue =p, R T. 
P, = p, RT, 
_ ae 
For P,= P,, p,= a *. Substituting, 


1 
T. 
Py 7% om vy) == Ps (v,° 7 Uy) Hence, 


T, (v,) — v,’) = 7, (vf — v,"). 

The relative velocity of one stratum, (v,*— v,’), multiplied 
by the temperature of the second, 7), equals the relative 
velocity of the second stratum, (v,’ — v,’), multiplied by the 
temperature of the first, 7,; and this maintains the pressure 
as if the air had no motion, and the temperature gradients 
remained normal. The first type of vortex with the funnel- 
shaped tube depends upon the first principle more than upon 
the second, while the second type of vortex with the dumb- 
bell tube depends upon the second rather than upon the first. 
This will be illustrated by the Chamberlain 2d A, the St. Louis 
tornado, and the De Witte hurricane. The ocean cyclone has 
in addition to these two sources of motion a third, similar to 
the last, but modified by the fact that the boundary of the 
stratification between the cold and warm masses instead of 
being horizontal is vertical in part, as shown by the tempera- 
ture distributions in cyclones and anticyclones up to 10,000 
meters. The land cyclones depend more decidedly upon the 
third source of motion than does the ocean cyclone. 


Il.—THE THEORY OF VORTEX MOTION APPLICABLE TO THE 
DUMB-BELL-SHAPED TUBE IN THE COTTAGE CITY WATER- 
SPOUT. 

THE DUMB-BELL-SHAPED TYPE, COTTAGE CITY WATERSPOUT, CHAMBERLAIN 

2D A. 


An examination of the photographs of the Cottage City 
waterspout given in the Monruty Wearuer Review for July, 
1906, pp. 307-315 and Plates I-X, shows that two distinct forms 
of the tube or types of the vortex were developed at different 
times from the same cloud. At the second appearance, 1:02 
p- m. to 1:17 p. m. (Plates I-VII), the dumb-bell-shaped type 
prevailed (see Chamberlain’s photograph 2d A); and at the 
third appearance, 1:20 p. m. to 1:27 p. m. (Plates VIII-X.), 
the funnel-shaped type was exhibited. In all accessible photo- 
graphs of tornadoes these two types occur quite indifferently 
in numbers, apparently developed by subtle differences in the 
physical conditions of the cloud at the several occasions of their 
formation. While both types are of theoretical interest, it is 
much more important for the meteorologist to understand the 
dumb-bell type, because the large tornadoes, the hurricanes, and 
the cyclones in part, are constructed upon the same principles, 
differing from one another only in their dimensions and pro- 
portions. Since the ultimate explanation of the motions of 
the atmosphere in cyclones and anticyclones seems to be very 
closely associated with the theory of dumb-bell vortices, it will 
be proper to keep in mind the goal toward which this present 
exposition tends. 

It can easily be seen in the photographs above referred to, 2d 
A to 2d G, inclusive (Plates I to VII), that the tube, instead of 
continuing to taper from the cloud to the sea level, reaches a 
minimum diameter more than halfway down from the cloud to 
the sea and then begins to expand. The lower portion is not 
entirely visible, on account of the enveloping cascade of spray, 
and it will be shown in these papers that, in fact, the lowest 
section is not fully developed, and that the vortex tube is 
amputated or truncated by the sea-level surface at from one- 
twentieth to one-third of its theoretical length, according to 
circumstances. The corresponding upper section is fully de- 
veloped at the cloud, tho the tube and the cloud merge into 
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one another before the asymptotic extension of the vortex is 
reached. When the tube begins to break up, and the gyratory 
velocity diminishes, the dumb-bell form appears more clearly, 
as on 2d F, and it is very distinct on 2d G. In the earlier 
numbers of the series, 2d A to 2d E, the inner tubes of the 
complete vortex, which have very great velocities, are formed, 
but the outer tubes appear as the rotation velocity falls in 
amount. 

According to the formulas of the first paper of this series 
(compare Table 3 and Cloud Report, 1898, page 513), we begin 
with the vortex system exprest as follows: 

vm 


1. Current function. ¢= , = Ao’ sin az. 
, : 1 d¢ 
2. Radial velocity. ux— “* =— Aam cos az. 
m Oz 
. . ag F 
3. Tangential velocity. v= “* = Aam sin az. 
m 
r . . 1 ) hy . 
4. Vertical velocity. we 9 o QA win az. 
. DID 


APPLICATION OF THE FORMULAS TO THE COTTAGE CITY WATERSPOUT, 
CHAMBERLAIN 2D A. 


The primary difference between the funnel-shaped and the 
dumb-bell-shaped vortex tube is that the former extends from 
its asymptotic relation at one plane of reference, in the base of 
the cloud, perpendicularly to a great distance from it, taper- 
ing continuously to a tube of very small dimensions, while the 
latter becomes asymptotic to two planes of reference, one in 
the cloud base and the other at or below the surface of the 
sea. Not only is the distance between the two reference 
planes to be measured in meters, but the axis or connecting 
line is also to be divided into 180 parts or degrees. Thus, in 
Fig. 3, assume that the upper line is 1200 meters from the 
lower line, that the axis is of the same length, and that this 
represents the entire vortex. If this length is taken as 180° 
or parts then the a appearing in the formulas is 


. Sees 
o= F509 = 0.150 [9.17609}, 

which gives the angular change per meter. Since the symmetry 
of the formulas, as controlled by the sine and cosine terms, 
shows that the variations lie between + 1 and — 1, it follows 
that sin az and cosaz will carry the function thru all the inter- 
mediate values. Fig. 3 is constructed by plotting the lines 
determined by the coordinates of Table 17, which gives the 
radii o of the several tubes at different heights z. 

Since there is no way to determine the value of the tangen- 
tial velocity at any given point, it is necessary to assume a 
value for vata point (~,z). The correctness of the one adopted 
can be checked by constructing the vortex from these data, 
and comparing it with the shape as shown on the photograph. 
The height z was determined as about 1200 meters by the 
measurements, and after several trials I have taken 

az= 170° or 10°, 
om = 200 meters, 
v= 2 meters per second. 
The valueaz= 10° is for a point near the sea level, and 
the value az = 170° is for a point just below the cloud base. 
Hence we have the current function, 
ag = vm = 400 [2.60206 |. 
For the value of the ratio of the successive radii, at the points 
separated by 10-millimeter intervals of pressure, as 760, 
Fee secens 690, we shall assume the same value as that given 
on page 469, whose logarithm is, 
log p = 0.20546. 


These data enable us to proceed with the computations in 
the regular order, and to develop the entire structure of this 


/ 
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vortex. It is most convenient to compute the values of o, »v, 
A, u, and w on one selected level, as that for az = 10°, and 
then to extend the computation to the same quantities on the 
other levels by the use of the formulas 38-49, given in the 
preceding paper of this series. 


300 Mefers 200 200 oO 200 Meters 300 


180 
, 
a @, 
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600 
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0 7) 


Fic. 3.—Vertical section thru the waterspout, showing the relation 
between cand z. The tubes a, and o, are developed only during the 
time of dissipation of the vortex, and probably tubes a, and o, are not 
actually developed in this vortex. 


SUMMARY OF THE CONSTANTS FOR THE COMPUTATION ON THE PLANE 
az=10°. 
log a’ = log vm = 2.60206 


log p = log "= 0.20546 


4. 
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log sinaz = log sin 10° = 9.23967 
log cos az = log cos 10° = 9.99335 
log a sin az = log a sin 10° = 8.41576 
log a cos az = log a cos 10° = 9.16944 
loga= log 0.150 = 9.17609 


Take the intervals determined by the log p as the points for 
the computation. 


TABLE 13.— The radii of the successive vortex tubes, log Gn+1 
= log a, — log p = log a, — 0.20546. 
| Number of line.* 


| 1 2 a i 5 6 7 8 
a ee ae 2.30103 | 2.09557 1. 89011 | 1.68465 | 1.47919 | 1.27873 1.06827 0. 86281 
ee 200.0/ 1246) 77.6| 484| 901 18.8) 11.7 7.3 


*The word “line” here, and in subsequent tables and text, refers to the numbered lines 
of figure 3, which represent curved surfaces, bounding successive vortex tubes, taken for 
purposes of computation. 


The successive radii on the same plane are found by sub- 
tracting log p = 0.20546 from the values in the preceding col- 
umns. 

TABLE 14.— The tangential velocities, log vn+1 = log v +- log p 
= log v + 0.20546. 
ee | 0, 30108 | 0.50649 | 0.71195 | 0.91741 | 1.12287 | 1. 32838 | 1.58379 | 1. 78925 
52/ 83] 183) 2.3) S42) 549 
| | 


| 


20; 32) 

The several velocities on the same plane are found by adding 
log p = 0.20546 in succession. 

To compute the constant A for each of the successive vortex 
tubes we construct the values of log am sin az and subtract 
these values from the logarithms of the corresponding veloci- 
ties v. The constant A holds for each single special tube, but 
changes its value from one tube to another. 

TABLE 15.—The constant A at the successive vortex tubes. 


log a @ sin az .| 0.71679 0.51133 | 0.30587 | 0.10041 9, 89495 | 9.68949 | 9, 48408 9, 27857 
| 
9.58424 9.99516 0.40608 0.81700 1.22792 | 1. 63884 2. 04976 2, 46068 


0.9889 2.5473 6.5614 16.9010 | 43.5350 112. 1400 | 286, 853 
J | J 


In forming the log am sin az, the log p is subtracted in suc- 
cession, and in forming the log A, 2 log p is added suc- 
cessively. 

To compute the radial velocity u, and the vertical velocity 
w, the values of log Aam and 2A are constructed, and log 
cos az and log sin az added to them respectively. 

TABLE 16.— The radial and vertical velocities for each vortex tube. 
BRSEDESES ke, * 


| 


1.26682 | 1.47228 | 1.67774 1.88320 2.08866 | 2.20412 | 2. 49958 








log Aa@) 1.06136 

log uw... .|—1,05471 |—1, 26017 |—1, 46563 |—1. 67109 |—1. 87655 |—2. 08201 |—2. 28747 \—2. 49298 
t....|— 11,84 |— 18,20 |\— 29.22 — 46.89 |— 75.26 |— 120.79 |— 193, 85 |— 811. 12 

log 2A..| 9.88527 | 0.29619 | 0.70711 1.11803 | 1.52895 | 1.93987 | 2.35079 | 2.76171 

log w.. | 9.12494 | 9.53586 | 9.94678 0.85770 | 0.76862 | 1.17954 | 1.59046 | 2.00138 
w... 0.13 | 0. 34 0. 88 5. 87 15. 12 38, 95 100. 32 


2, 28 | 





Having computed the value of log u under the radius o,, 
the others are found by adding log p; and the successive val- 
ues of log w are obtained by adding 2 log p to the several 
values in succession. Since the axis of z is positive upward, 
the movement of the air in the waterspout is continuously 
positive and therefore upward; the motion of the radial 
velocity u is inward in the lower half ef the vortex, but out- 
ward in the upper half of it. 

Having thus found the values of log a, log u, log v, and 
log w on a given plane of the vortex (in this case the plane 
which passes thru the point on the axis corresponding to 
az=10°), it is proper next to extend the computation to other 
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planes by employing the other values of sin az and cos az as 
required. In order to exhibit the amount of work needed to 
compute these terms for 10-degree intervals in a vertical di- 
rection, and for the stated intervals in a horizontal direction, 
the computations for log m and om are given in full, those 
for u, v, and w requiring similar tables. 


TABLE 17.— Computation of log = and a for each tube at successive altitudes. 
Values of log o. 


Altitude. 1 2 3 4 5 6 7 8 
‘ 
° 
eases © © » © x we © 2 x 
10 | 2.30108 2.09557 | 1. 11 (1.68465 1.47919 1.27373 | 1.06827 0. 86281 
20 | 215884 1.94838 1.74292 | 1.53746 | 1.38200 «1.12654 0.92108 0.71562 
SO | 2.07138 | 1. 86592 | 1.66046 | 1.45500 1.24954 | 1.04408 0.83862 0. 63316 
40 | 2.01683 1.81137 | 1.60591 | 1.40045 1.19499 0.98953 | 0.78407 | 0.57861 
5O | 1.97874 | 1.773828 | 1.56782 1.36236 | 1.15690 0.95144 | 0.74598 | 0. 54052 
60 | 1.95210 1,7 1.54118 | 1.38572 1.13026 | 0.92480 0.71934 0. 51388 
70 | 1.98437 1.72891 1.52345 | 1.31799 | 1.11253 0.90707 | 0.70161 | 0, 49615 
80 | 1.92419 | 1.71878 | 1.51327 | 1.30781 1.10235 0.89689 0.69143 | 0, 48597 
90 «1.92086 1.71540 | 1.50994 1.30448 | 1.09902 | 0.89356 0.68910 | 0. 48264 


Values of the radius o for each tube and altitude. 


Altitude. 1 2 3 4 5 6 7 8 Cc 
es: 0 x o | @ ~o a ea a oa 
10 200. 0 124.6 77.6 48.4 30.1 18. 8 11.7 7.3 
2 142.5 88.8 | 655.3 4.3 21.5 13.4 8.3 5.2 
30 117.9 73.4 45.8 23.5 17.8 11.1 6.9 4.3 36 
40 108.9 64.8 40.4 25.1 15.7 9.8 6.1 3.8 
5O 95.2 59.3 37.0 23.0 14.4 8.9 5.6 3.5 
60 80. 6 55.8 “8 21.6 13.5 8.4 5.2 3.3 
70 86.0 3.6 33.4 20.8 12.0 8.1 5.0 3.1 30 
sO $4.0 52.3 32.6 20.3 12.7 7.9 4.9 8. 06 
90 83.3 51.9 S24 20.2 12.6 7.8 4.9 3.04 2s 
100 84.0 52.3 32.6 20.3 12.7 7.9 4.9 3. 06 
110 86. 0 53.6 33.4 20.8 13.0 8.1 5.0 3.1 BH 
12 89.6 55.8 34.8 21.6 13.5 a4 5.2 3.3 
130 95. 2 59.3 87.0 23.0 14.4 8.9 5.6 3.5 33 
140 103. 9 64.8 40.4 %.1 5.7 9.8 6.1 3.8 
150 117.9 73.4 45.8 28.5 7.8 11.1 6.9 4.3 39 
160 142.5 88. 8 55.3 4.3 21.5 13.4 8.3 5.2 
170 200.0 124.6 77.6 48.4 30.1 18.8 11.7 7.3 68 
180 ” o | @ x x x oa x 


The last column, marked C, in the second portion of Table 
17, contains the radius as scaled from the photograph, and it 
indicates that the vapor tube is a vortex lying a little inside 
the radius m, on the scale adopted. The radii fluctuate con- 
siderably in a natural vortex, as may be seen by comparing 
Chamberlain 2d A with Coolidge 2d B, 2d F, 2d G, and the 
selection of the data belonging to a given vortex is not easy, 
when no observations are available. The barometric pressure 
in vortices of this type will be considered fully in connection 
with hurricanes. 

THE VELOCITIES IN THE COTTAGE CITY WATERSPOUT. 


TABLE 18.—The radial velocities u for each tube and altitude. 
| 
Altitude,| logs | 1 | 2 8 4 5 6 7 8 


asa” —1, 06136 | —11. 52 |—18. 49 |—29.67 |—47.61 |—76.42 —122.65 —196.85 —315. 92 
10 —1. 05471 —11. 34 |—18,20 |—29, 22 |\—46.89 |—75. 26 |—120.78 —193. 85 |—311.12 
$0 |\—0. 99889 |— 9.97 —16.01 |—25.69 —41.24 |—66.18 _—106.22 —170.47 |—273. 59 
50 |—0. 869438 |— 7.40 |\—11. 88 |\—19. 07 |—30.61 |\—49.12 |— 78,84 —126.53 —203.07 


70 |—0.59641 |— 8.94 |— 6.32 |—10.15 —16. 28 |—26. 14 — 41.95 |— 67.32 —108. 05 
=e st @ | 0 0 0 a 0 

110 | 0.50541 3.94) 6.32] 10,15) 16.28) 26.14) 41.95] 67.32 | 108.05 

190 | 0.86943 7.40| 11.88| 19.07. 30.61| 49.1%) 78.84! 126.53 | 203.07 

150 0.99889 9.97| 16.01| 25.69| 41.24| 66.18 106.22| 170.47 | 273.59 
, | 11.84] 18.20| 29.22) 46.89 | 75.26| 120.78| 198.85 | 311.12 
; i 


52) 18.49) 29.67) 47.61 76,42 122. 65 196.83 | 315.92 
| | | | | 


TABLE 19.— The tangential velocities v for each tube and altitude. 





azf -ae | 0 0 0 0 0 0 0 
10 = 0, 830108 2. 00 321| 5.15 | 8.27 13. 27 21. 30 34.18 | 54.86 
30 =O. 76033 5. 76 9.24 14.83 | 23.81 38,21 61.32 98.42 | 157.97 
50 «0. 94561 8.82 14.16 | 22.73 | 36.47 58.54 93.95 150.79 242.01 
70 «= 1.08435 | 10.82 17.37 | 27.88 | 44.74 71.81 115.25 184.98 | 296, 87 
90 1, 06136 11. 52 18.48 | 29.67) 47.61 76. 42 122.65 196.84 | 315.9: 
110 1.08435 | 10. 82 17.37 | 27.88) 44.74 71.81 115, 25 184.98 | 296. 87 
130 = 0. 94561 8, 82 14.16 22.73 36.47 58.54 93, 95 150.79 | 242.01 
150 «60. 76083 | 5.76 9.24, 14.83 23.81 38. 21 61, 32 98.42 | 157.97 
170 =: 0. 30108 2. 00 321; 5.15 8.27. 13.27 21,30 34. 18 54. 86 

180 o 0 0 _ Ald me oe ee o | oO 
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TABLE 20.—The vertical velocities w for each tube and altitude. 


a —f@ 0 0 0 0 0 0 0 0 
10 =9, 12494 0.13 0. 34 0. 88 2. 28 5. 87 15, 12 38.94 100.32 
3 9.58424! 0.38 0. 99 2.54 6.56 16.90 43. 54 112.14 288. 86 
50 9. 76952 0. 58 1, 52 8. 90 10. 05 25. 89 66.70 171. 81 442. 55 
70 9. 85826 0.72 1, 86 4.7 12, 33 31. 76 81. 82 210.76 2. 88 
90 9. 88527 0.77 1. 98 5. 10 13. 12 33. 80 87. 07 224. 28 577. 71 
110 | 9. 85826 0. 72 1, 86 4.79 12.33 381.7 81.82 210.76 542,88 
130 =: 9. 76952 0. 58 1, 52 3.90 10.05 25.89 66.70 171.81 442.55 
150 «9. 58424 0. 38 0. 99 2.54 6.56 | 16.90 43. 54 112.14 288.86 
170-9. 12494 0.13 0.34 0.88 2. 28 5. 87 15. 12 39.94 | 100.32 

180 —@ 0 0 0 0 0 0 0 0 


The radial velocity reverses direction at az={0°; it is very 
large in the inner tubes, increasing toward the axis. The tan- 
gential velocity is right-handed for upward velocities, so that v 
and w are both positive for an axis drawn as in fig. 3. The 
enormous velocities which are developed near the axis, especi- 
ally the vertical velocity, show where the destructive forces 
reside that are associated with tornadoes and waterspouts. 
The hurricane also will develop velocities of a very high order. 
It is quite probable that the tubes under (1), (2), (7), and (8) 
did not develop in the vortex of the Cottage City waterspout, 
tho covered by the computation, which extends beyond the 
probable limits. 

THE HORIZONTAL ANGLE 7 AND THE VERTICAL ANGLE 7 OF THE 

CURRENT @ IN THE VORTEX. 

As the angles of reference of the current, whose total velocity 
is g (u, v, w) at the point (m, ¢, 2), we have taken i and 7; 7 is 
the angle between the tangent to the circle whose radius is m 
and the horizontal component «, positive outward; 7 is the 
angle between « and g, « being the projection of g on the 
horizontal plane. (See fig. 4.) 


22z=/80° 








az:=/50° 








z=-60° 





az=o° 
Fia. 4.—Relations of the angles az and iin the dumb-bell vortex. 





az= 90° +7 


u 
tani =, constant on any plane az. 
" 
w {| increases from az=0° to az=90° and from o™, 
vseci( toward the axis. 


(Compare fig. 1, page 464.) 
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The horizontal angle i is directed inward from az=0° to 
az=90°, and outward from az=90° to az=180°. This angle i 
is computed from 

tan i=" . 
v 
and it is constant on the same plane az. 


TABLE 21.— The horizontal angle i, negative inward, positive outward. 


Height by angular 1 2 3 4 5 6 5 8 
measure. 
°o ° ° ° ° oO fe) ° 

az==180° 0°.......... 9 -—-9 -9| -9 -90 —90 90 —90 
ee Ws kes —80 —80 —80 —80' —80; —80| —80 —80 
160) DD... cc ceeee —70 —70 —70 —70 —70 —70 | —70 —7 
150 90 .......... —60 —60 —60 —60 —60 + —60 —60 —60 
140 «40 .........- —50 50 —i0 50 —50 —5i0 —50 —i0 
i Sem | —0o| —0| —0| —#@/] -0] -o| —@ 40 
7 eetneee —30; -30| —30| —30; -—380| -30/ —90 —30 
190 78 .....0...., =O 20 -0| —20| -—2| —29| —20 —20 
af eee —10,; -—10| —10)| -—10| -—10| —10 10; —10 


De Wisin ee e| —e;| —e; —@ -0} —0| —0 


The angle i is negative from az=0° to az=90° and positive 
from az=90° to az=180°. 

The stream lines are directed toward the axis on the lower 
asymptotic plane, and gradually incline from the radius as the 
height, measured by the angle az, increases, so that 
(50) az=90° +7 or i=az—90°. 

When az=90° the angle i=0°, and the current is parallel 
to the circle described by the radius m, but from that level 
to az=180°,7 is positive and becomes 90° for az=180°, that is, 
on the upper asymptotic plane at the base of the cloud. It 
follows that the angle i can be inferred from the height az 
above the lower plane, or from measured values of the angle i 
the height az can be immediately found. If on a given plane, 
as the sea level, the currents of wind are observed to flow into 
a vortex at a certain angle, i, measured from the tangent, or at 
the angle az measured from the radius, it follows that the 
vortex is truncated by the sea level on that plane, and that 
the truncating plane can thus be drawn thru a theoretical 
vortex, this being the plane at which the complete vortex has 
been cut off by rotating against the surface of the sea. 


TABLE 22.— The vertical angle n, tan 7 =) oss i" 


Height by | 





angular 1 2 3 qd 5 6 7 8 
measure, | 
‘ ° ° , , ° , ° , ° , ° , ° | oF 

az=180 0) 0 0 0 0 0 0 0 0; 0 0 0 0] 0 0] 0 0 
170 10 0 40 14),14/;) 24)4% 7 #2) 11 :«11/17 87 
160 20 1 18 2 6 3 22 5 2 8 36 18 39] 21 17/382 1 
150 30 1 55 8 4 | 4 55 | 7 St | 12 B | 19 33] 29 40/42 26 
140 40; 227 | 3 6 | 6 18 | 10 8 15 52 | 24 m2| 96 18 | 49 87 
130 50| 2 55 441} 730] 11 & 18 48 28 82) 41 11 | 54 29 
120 60 3 18 5 18 8 28 13 25 20 58 31 35 | 44 87 | 57 44 
110 70) 3 35 5 4 | 9 10 14 31 22 34 | 33 43) 46 57/59 48 
100 80) «63 «45 6 1 9 36 15 11 | 2 32 | 34 57| 48 18| 60 57 
9 9) 3 49 | 6 6 | 9 45 | 15 % | 23 82 B22) 48 44) 61 20 


It will be shown that cyclones, hurricanes, and tornadoes 
develop at the upper plane and extend downward toward the 
surface, the lower portion of the vortex being destroyed in 
the working of the tube against the sea or the land surface. 
Thus in the cyclones the central plane for az=90° is in the 
strato-cumulus level, where the angle az is about 50° or 60°, 
making i= —40° or —30°, which is the angle usually meas- 
ured on the inflowing current. In the hurricane the central 
plane is somewhat higher, while in the Cottage City water- 
spout it is about 80° above the sea level, making the inflowing 
current at the bottom of the cascade construct an angle of 10° 
from the radius. It is such an action of the dumb-bell vortex 
in developing the angles in this manner, with the inflowing 
angle constant on a given plane, and proportional to the height 

64 6 
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from the plane of reference, which produces the angles ob- 
served in cyclones and hurricanes, rather than the friction /, 
the deflecting force 4, and the vertical constant c, as was as- 
sumed by Ferrel and the German writers in their studies of 
the problem. We have, therefore, in practise only to measure 
the velocity and angle of inflow on a given plane, as the land 
or the sea level, truncate the theoretical vortex at the corre- 
sponding plane, and proceed to develop the velocities and 
angles thruout the entire vortex to the cloud level where it 
is actually generated. 

The angle 7 is positive from az=0° to az=180°. The angle 
7 increases from az=0° to az=¥0°, and it decreases from 
az=90° to az=180°; the angle increases from the outer line 
toward the axis, and in the middle of the vortex on the plane 
az=90° at line 8 it may reach about 61°. The sec i can not 
be neglected in this computation, as the angle 7 is of all values 
from 0° to 90°. 

The total velocity can be computed from the formulas, 

q=(uv’?+v'+u")!, or 
Q=V 8eC 1 8EC 7. 


TABLE 23.— The total velocity q, in meters per second. 


| 
| 


| | 
Height by | | | 
angular | 1 2 3 ; @ | § . ie 7 8 
measure. | | | | 
abana in 
°° | | | | | 
az=180 0} 11.52/| 18.49 | 29.67 47.61 76. 42 122. 65 196.83 | 315.47 
170 10 11,52 18. 49 | 29. 68 47. 62 76. 64 | 123.58 | 200.65 | 3831.47 
160 20 11. 52 18, 50 29. 72 47. 83 | 77.29 | 126, 21 211.25 | 372.60 
150 30; 11.52 18. 51 29. 78 48. 07 78.26 | 130,15 | 226.53 428. 05 
140 40, 11.53 /| 18.58 29. 85 48. 36 | 79.45 | 134.82 | 248.98 | 487.61 
130 50) 11.538) 18.55 29. 92 | 48. 66 | 80.69 | 139.60 | 261.50 | 543.81 
120 60 11. 54 18. 56 30. 00 48. 95 81.84 | 143.97 | 276.53 | 591.77 
110 70 11.54, 18,58 | 30. 05 49.18 | 82. 75 147.45 288.36 | 628.04 
100 80 11. 54 18.59 30.09, 49.34 | 83.35 149.63 | 295.91 | 650.68 
90 90 11. 54 18. 59 | 30.10 | 49.39 83.56 | 150.40 298.44 658.57 


The visible vortex, as it develops in the atmosphere, is prob- 
ably confined within the lines 3, 4, 5, and 6, tho possibly ex- 
tending a little beyond o™,. 

The volume of air V, in cubic meters per second, which 
passes upward thru each vortex tube, is computed from the 
formula, 

V=z(m,?— &,,,’) vy, = a constant, 


w,, being the mean velocity, as obtained by the formula, 
log w,, = 4 (log w, + log w,,,,). 


The value of V is computed for three levels, and the result 
is given in Table 24, taking the values of log » and log w from 
Tables 17 and 20. 


TABLE 24.— The volume of air ascending in each vortex tube. 


Height | 49 2-3 34 4-5 5-6 | 6-7 7-8 


of stratum. 

z | ; a So ; 
az=10° | 16451.5 16451. 5 16451. 5 16451. 5 16451. 5 16451, 5 16451. 5 
az= 30° 16451. 5 16451.5 16451. 5 16451.5 16451. 5 16451. 6 16451. 5 
az= 90° 16451.5 16451. 5 16451. 5 16451.5 16451, 5 16451.5 16451.5 


In the funnel-shaped vortex it was found that the volume of 
ascending air was 2467.7 cubic meters per second, so that the 
dumb-bell vortex is carrying 6.666 times as much air upward as the 
funnel-shaped vortex. It may be inferred that the change from 
one type of vortex to the other is due to the requirements of 
the temperature conditions at the cloud, the greater changes 
due to the overflowing cold sheet demanding a stronger upflow 
in the dumb-bell vortex, the smaller changes in temperature in 
the horizontal sheet being satisfied by the feebler action of 
the funnel-shaped vortex. This becomes equivalent to the 
statement that at the immediate base of the cloud the hori- 
zontal velocity u is stronger in the dumb-bell vortex than in 
the funnel-shaped vortex. 


————— 


———— 
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EVALUATION OF THE EQUATIONS OF MOTION. 


In the future chapters we shall fully consider all the forces and conditions that appreciably affect vortex motions, but for 
the present we shall consider only the simplified equations of motion that apply to the case of no inertia, no friction, and no 
deflecting force. In this case the equations of motion of a vortex (see No. (6), page 465, or Cloud Report, 1898, page 504, 
equation 200, and page 502, equation 180) become, 


‘ , 5 ‘ 
f ay — oF ae Ou 4 i. . 
pom Om Oz mw 
Dv Ov uv 
2 = : ) ~— 
; (4) 0 oe taeda 
IP Ow Ow 
3 — : 1] ¢ 
(3) poz =" Om ai Oz +9 





The partial differentials of the velocity in the direction of the radius ~ and the vertical z can be computed in terms of 
the constants of the vortex, from the equation for the current function, 
¢ = A om’ sin az. 


Thus we find the partial differentials of the velocities as follows: 


u = — Aam cos az. v = Aamsin az. w = 2 A sin az. 
Ou Ov . P Ow 
—. == — A @cos az. ~. == Aasin az. —— =e O, 
(51) 4 0m Om am 
Ou , Ov : Ow 
= Aa’ msin az. —— == Aa’ m cos a2. == 2Aacosaz. 





The products of these quantities are then formed as follows: 





au Ou ; 
[ u — A’ a? & cos’ az. ws = 2 A’ a’ o sin’ az. 
Om z 
Ov . Ov A 
‘—_=— A’ a’? m sin az Cos az. ve = 2 A’ a’ & sin az cos az. 
fu) Oz 
j 
(52) Ow Ow = ‘ 
a= 0. w= 4 A* asin az cos az. 
Om Oz 
v’? — ‘ uv : 
= A’ a’ m sin’ az. =— — A’a’ msinazcosaz. 
| mw oO 


Hence, the three equations of motion as above given reduce to, 


 - +s = A’ a’ ov. 
IIH 
53 (2) ' y “6 An example of the practical working of these equations may 
(53) 1 4 be taken from the data of the preceding tables, which are 
(3) — oP = 9 + 4 A’ asin az cos az. collected for convenience in Table 25. The point selected is 
poz on the level az=10° and between the radii m, and ™,, intend- 
, ing to integrate across the tube ™,—~®, at the level az=10° 
The second equation reduces to zero. and vertically thru this point from az=5° to az=15°. 


The interpolations are to be made at the middle point of 
" ° . ; ; the tube (m,—™,) and on the plane az=10°. 
TAnED Sh Coen ge Me Sete Ser an esenp te computing Ms equations The arrangement of the computations for each side of each 


motion special radi nd level az. ; , , : 
. wd he iin a + aceon ae equation (thus checking the theory from two points of view) 
is as follows: 


AN EXAMPLE. 




















Data. | 1 2 8 4 5 | 6 7 8 
—— | Se ee 
log A...| 9.58424 | 999516 0.40608 | 0.81700 | 1.22792 | 1. 63884 2.04976 | 2. 46068 u a ™ A’ a’ m cos" az. 
A..... 0.8839| ©9889, 2.5473| 6.5614 16.9010 | 43.5350 112140 | 288,853 OD 
log Go.| 2.90108 | 2 09557 | 1. $9011 | 1. 6846s 1. 47919 | 1.27878 | 1.06827 | 0. ge2s1 sis =r 
Gop.) 215384 | 1.94838 | 1.74292 | 1.53746 1.38200 | 1.12654 0.92108 | 0. 71562 Lef . 
t-hand term. Right-hand term. 
Sn! 200. 0 124.6 77.6 48.4 30.1) 188 11.7 7.3 8 
Tao. 142.5 83. 8 55.3 34. 3 21.5 | 13.4 8.3 5.2 || 
log to. .|—1. 0471 |—1. 26017 —1. 46563 |—1.67109 —1. 87655 |—2. 08201 —2. 28747 |—2, 49293 , ; 
tigg- . 1. 08435 |—1, 23981 |—1. 44527 |—1. 65073 —1. 85619 |(—2.06165 |—2. 26711 |—2. 47257 Term. Number. Logarithm. Term. Logarithm. 
ean 11.34} ~18,20 —29.22| —46.89) —75.26 | —120.78 | —193.85 | —311,12 
gg. -| 10.82) 17.87) —27.88| —44. 74) —71.81 | —115.25 | —184. 93 | —296. 86 | 
log ty..| 0.30108 0.50649 0.71195 | 0.91741 | 1.12287/ 1.92833 1.58379 | 1.73925 _27 m= . 2 9° 
~ ai 0.59641 | 0.80087 1.00683 | 1.21179 1.41725 | 1.62271 1.82817| 2.03363 Mm 4 ae | A saa 
Ou —17.67 —l. - a’ .¢ 
0: « 200; 3.21 5.15 8.27; 18.27) 21.30) 34.18] 54.86 ; 29.90 9 non 
a0 8. 4 632) 10.15) 16.29) 8.14) 41.95) 67.82 | 108.05 Om +29.2 1.46528 m 1.78738 
| | 2 ~ g ¢ 7 
log wy. .| 9.12494 | 9.59586 | 9.94678 | 0.35770 0. 76862 1.17954 | 1.59046 | 2, 00138 cos’ az 9.98670 
Wy. | 9.41992 | 9.89024 0. 24116 | 0.65208 | 1.06300 | 1.47392 | 1. 88484 | 2. 29576 9 phen iene 
ou ‘ € . . | =4 € 
wre- | 0.18 0. 34 ass) 228 5.87| 5.12) 38894| 100.32 ~~ 22.40 1.35022 | 22.35 1.34934 
a9. «| 0. 26 0. 68 1.74 4. 49 11,56 29.78 76.71 197.59 Om 
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Ov 
u = — A’a’m sin az cos az. 
Om 


Left-hand terms. Right-hand terms. 











Term. Number. Logarithm. Term. Logarithm. 
Uy, —37.01 —1. 56836 —A'a'a —1. 36264 
Ov + 3.12 0.49415 | sin az 9, 23967 
aon +29. 20 1. 46538 COS az 9. 99335 

— —3.955 —0.59713 | —3.942 —0. 59556 
Om 

a ° w 0. 
om 
Wyn —37.01 | —1. 56836) 
ow + 1.40 OQ Meee f}......-. 0 
om +29, 20 1.46538 — J 
ta ~1.775 —0.24911 | 0 
Om 


—_—__——- 


This discrepancy results from the fact that - has a value 
om 


1.40 

29.20 
In evaluating the partial differentials in the direction of the 

angular coordinate az, the factor 57°.29578 must be intro- 

duced into the terms for partial differential, as this is the 

number of degrees in one radius. Since the angular distance 

is 180 degrees and the linear distance 1200 meters, the 10- 

degree interval is equivalent to 

1200 1 

18 © 57.29578 


which is the value of 2 in the partial differentials. 


=0.05, slightly larger than 0. 


dz=10-degree interval= = 1.1636, 


Ou 
uw 
Oz 


= 2 A*a’om sin’ az. 


Left-hand terms. Right-hand terms. 


! 














| | 
Term. Number. | Logarithm. Term. Logarithm. 

| | 
w,, +1. 42 0. 15224 2 | 0.30103 
Ou ’ 1. 14 0. 05690 Aaa 1. 36264 
Oz 1.1636 0.06579 sin’ az 8. 47934 
(a —_——— 
wom 1. 391 0, 14335 1. 390 0. 14801 

: | ie ee Th. 
w : ” = 2 A* a’ sin az cos az. 
2 

Wp 1. 42 0.15224 2 Ata’ 1. 66367 
Ov 6. 452 0. 80969 sin az 9. 23967 
Oz 1. 1636 0. 06579 cosaz | 9. 99335 
wo” 7. 873 0. 89614 7.883 | 0.89669 

| 
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we w 4 Aa sin az COs az. 
OZ 
Wy 1. 42 0. 15224 4 Ata 1. 00123 
aw 1. 404 0. 14737 sin az 9, 23967 
Oz 1. 1636 0. 06579 COs az 9. 99335 
wow 1. 713 0. 23882 1. 715 0. 28425 
C2 
v = A’ a’o sin’ az. 
v 42. 59 1. 62936 Aaa | 1.86264 
m 61. 29 1. 78738 sin? az | 8. 47934 
: BERL |) 0 
if 0. 695 9. 84198 0. 695 9. 84198 
Uv _ — 4’a'm sin az cos az. 
= ( 
u | 37.01 | —1.56886 | —.A?a°s | —1. 36264 
v | 6. 526 0.81468 | sinaz | 9. 28967 
mw 61. 29 1. 78738 | COs az 9. 99335 
oh (3.941 | —0.59566 | —3.941 | —0. 59566 


With these values, our equations of motion for the vortex 
tube, (3)-(4), now become 


a) — 2" = 22.35+41.890—0.695=23.04— 4*a'en. 
pe 

(2) 0 =—3,942+7.883—3.941=0. 

a os =—1,77541.715+ g =9.746, 
pe Zz 


since g = 9.806 at 45° latitude and sea level. 
In making the several interpolations for w,,, v,,, Wm, Aj, in 
preparation for the integration across the intervals 0m and dz 
the mean values as derived from the mean logarithms were 
employed. There are several small differences between the 
above results obtained by computing both sides of the equa- 
tions independently, but these are largely due to the neglect 
of the second differentials, because the curves between the 
initial and final points were not followed exactly in this inte- 
gration. The terms in the A,, are more accurate than the 
others, as here computed. 
The pressure at the sea-level plane. 

The computation of the pressure at the level defined by 
az = 10°, that is the assumed sea level, is made by the formula, 
Py — Prt =Pm AO’ & (H,—,, +1), 
which is easily deduced from the first equation of motion 

(equation 53), 
oP i 
Oa = A’a’o, 
and gives the results found in Table 26. 
TABLE 26.—Fall in pressure between the successive vortex rings. 


Ring. | 12 | 28 34 4-5 es | or | 2 
ee = fe —_ — — ———E ——E ow 
Ata? on | 1.349 | 6.575 | 2205 95.28 898.91 | 1628.5 6782.8 
mw, os eee 75.4) 47.0 29.2 18.8 11.8 7.1 44 
pm | 1.2682) 1.2682 | 1.2682) 1.2682 | 1. 2682 1. 2682 | 1, 2682 
Pu—Pntt | 126.0) 8323) 858.5| 2211.8 | 5645.0 14668, | 87563. 
| 0.94 s0| cal 16 58 | 42.34 110.0) 281.7 


Bn — Bn+i | 
| 







































































480 MONTHLY WEATHER REVIEW. 


When a waterspout descends to sea level it is equivalent to 
assuming that the pressure falls at the core by the amount of 
the computed difference in pressure between the sea level and 
the base of the cumulus cloud, or, in this case, 91 millimeters. 
Starting from the assumed outer ring (3), we compute the 
difference of the barometric pressure, 6.40 + 16.58 + 42.34 
+ 26.00 =91.32 millimeters. Hence, it follows that the calm 
core is to be limited at about 16 meters, as can be seen 
by comparing Table 26 with the radii m of the rings in 
Table 25, since the 26.00 millimeters of pressure must be dis- 
tributed beyond o, in the direction of o,. 

THE CASCADE OF THE COTTAGE CITY WATERSPOUT. 

The photographs, Chamberlain 2d A in particular, show 
that the bottom of the tube near the ocean is surrounded by 
& vaporous mass of rounded form, which I have analyzed as 
follows: The vortex tube approaches the sea level with vio- 
lent radial, tangential and vertical components of velocity, 
sharply separated from the quiet air surrounding it, at the 
outermost layer of the revolving vortex. Were there no 
ocean or obstacle to disturb the vortex motion, and were the 
tube to form in a frictionless medium, the tube would extend 
to the asymptote at a given distance, leaving a small calm 
core free from gyration. But in fact the tube encounters 
the waters of the ocean, and becomes distorted by the action 
of the conflicting forces. The most prominent effect is the 
change in the size of the tube, and the decrease of gyratory ve- 
locity in consequence of friction and the other forces, caused by 
the transfer of the energy of the tube to the masses of air and 
water, wherein the forces of inertia are very large, since quiet 
air and water are suddenly set in violent motion on meeting 
the vortex. The intake of the vortex, due to the strong 
ascending helical motion, requires a supply of air which 
enters the tube by curved paths, as shown on the photograph 
by the clear spaces near the surface of the ocean. The water 
itself leaps up a few feet at the center into a point, or conical 
wave, and a sharp measure of this distance is desirable as 
the pressure-fall in the center of the tube can be estimated 
from it. The circular rotation of the tube at the surface cuts 
up the water into drops of spray, which are drawn into the 
tube, together with the air moving toward the axis. 

At a certain height above the surface where the intake has 
become satisfied, and there are only small radial components 
setting inward, the water and spray are thrown by the cen- 
trifugal and deflecting forces outward from the tube at the 
height of about 110 meters. This mass of air and water in- 
side the tube is gyrating violently, but on being ejected from 
the tube it impinges upon the quiet air and loses its projec- 
tile energy upward and outward, so that it falls back to the 
ocean in a cascade. The falling spray is again sucked into 
the tube on approaching the levels where the intake begins, 
and the orbital rotation may be thus repeated more than 
once. It is evident that there is a series of beautiful me- 
chanical problems in this connection, but it is not easy to 
treat them fully, because the size of the drops, the action of 
viscosity on the velocity, and the velocity components them- 
selves are not fully known. Since the formulas for the vor- 
tex apply to media without friction and to parabolic trajec- 
tories, it is difficult to modify them to meet the actual atmos- 
pheric conditions. There is evidently a right-hand and a left- 
hand trajectory, so that the origin of coordinates (.r, z) can be 
taken at the axis of the vortex as it touches the water; x is 
along the surface, and z is perpendicular to it along the axis 
of the tube. I have written down the formulas for the para- 
bolic trajectories, which can be readily understood from fig. 5. 

Some computations of a parabola thru the points (7,=0, 
z,=0) and (7,55, z,=128) show that this parabola is too sharp 

near the vortex for the trajectory of the spray, and accord- 
ingly some other curves have been sketched in, showing the 
boundary of the water cascade, and some arrows indicating 
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the paths of the water drops, the spray and the air, which seem 
to conform to the design on Chamberlain’s photograph. To 
pass from the pure parabola to the actual paths of the water 
and spray masses is probably quite impracticable by mathe- 
matical analysis, till we know more of the size of the water 
masses, the viscosity, and the actual velocities in the several 
parts of the disturbed tube, especially in the stream lines 
near the surface where the vortex forces are seriously dis- 
turbed by composition with the inflowing masses, suddenly 
changed from rest into violent motion. It is evident that all 
waterspouts and tornadoes will suck in objects near the sur- 
face, and discharge them into the quiet air a few hundred 
feet above the surface, when they will fall again. 


| a. | 6 
























— A N = 4 
_—+_ ~—+ — 
ged > ail +2 
0 


Fie. 5.— Circulation of air and water in cascade. Heaviest full lines, vor- 
tex tube. Middle full lines, parabolic trajectories. Lightest full lines, 
water cone. Dotted ovais, paths of water dropsin cascade. Arrows, 
direction of circulation. Height of cascade — 128 meters. Diameter 
of cascade — 220 meters. Diameter of vortex tube —74 meters. 

TABLE 27.—Formulas for parabola. 


AB =vt. ‘ 


+ 2? | 
AB =v't’. A= . AD, 
AF =AE=h. v= 2 gh. 
FH = GH. | 
EAB=BAF. AB? =4h. AD. 


BAL=a. | 
TABLE 28.—Eyquations of parabola. 
AK=-sv=vtcosa. | 


BK= vtsina. »-originat A. 
BC= 4 gt’. 
CK = z= vtsina—} gt’. 
gax* 
z=wrtana—o» ; ‘ 
2 v* cos*a 
x 
Zas J tan @— 4) cos’a , 


TABLE 29.—Formulas for the angle a, height h, and velocity v (in vacuo) 
of a parabola thru (2,2,), (2,2,). 


r 


> =r, tana— a_i. 

! ! 4heos’a | ._. 

r? , origin at 0. 

7. =r, tana — a. 

2 2 4h cos*a 

tan a = o,%, — 2,2, . 
@,2,(",—*2,) 

h @,r,(7,—7,) 


™ 4c08*a(z,4,—2,",) . 
29x, x,(2,—2,) 
4 cos*a z,2,—2,2, 
Range AM= 4h/ cosasina= 2h sin2a. 
4hsina 2v sin a 
v aot g ae 
Greatest height = HL = /hsin*a. 


i 2 gh = 


| 
Time of flight = t= origin at A. 
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THE WEATHER OF THE MONTH. 


By Mr. P. C. Day, Assistant Chief, Division of Meteorological Records, 


PRESSURE. 

The diStribution of mean atmospheric pressure for October, 
1907, over the United States and Canada, is graphically 
shown on Chart VI, and the average values and departures 
from the normal are shown for each station in Tables I and V. 

During October, 1907, the increase in mean pressure over 
that for September in all the central districts of the United 
States and Canada was decidedly above the average, ranging 
from +.10 to +.15 inch, whereas the normal increase is less 
than .05 inch, except over the upper Missouri Valley and the 
districts west of the Rocky Mountains where the October 
pressure averages from .05 to .10 inch above that for Septem- 
ber. Over the extreme eastern portion of the Maritime Prov- 
inces of Canada, the immediate coast of central and northern 
California, and the northern portions of Alberta and Sas- 
katchewan the pressure for October, 1907, was slightly less 
than that for the preceding month. 

The average pressure for the mcnth exceeded the normal 
from .05 to slightly more than .10 inch, over all districts from 
the Rocky Mountains eastward to the Lake region and the 
south Atlantic coast. Over New England and the Canadian 
Maritime Provinces it was slightly below normal, and a simi- 
lar condition prevailed over California, Oregon, southern 
Washington, and western Nevada. 

The mean pressure for the month was highest, 30.15 or 
above, over the Ohio Valley and Tennessee, decreasing to 
29.95 over the eastern and northern portions of Canada, and 
to 29.90 over the lower Colorado Valley. 

The winds along the Atlantic coast and over the southern 
Appalachian region during October are normally from the 
northeast, over the west Gulf, central valleys and lower Lake 
region from the south, over the upper Missouri Valley from 
the northwest, while west of the Rocky Mountains they are 
generally from some westerly point. 

During the current month, under the influence of the high 
pressure in the Ohio Valley, westerly and northerly winds 
prevailed over the lower Lakes, New England, and nearly the 
entire Atlantic and Gulf coast districts. Over the central 
valleys the usual southerly winds prevailed, while west of the 
Rockies southerly and westerly winds predominated. 

Over the Lake region, New England, and the immediate 
Atlantic coast, storm activity was slightly above the normal, 
as shown by the increased wind movement, but over nearly 
all other portions of the United States there was an apparent 
decrease, the average velocity of the wind movement showing 
a decrease of from 10 to 30 per cent from the normal. 

TEMPERATURE. 

The increased pressure over the Ohio Valley and surround- 
ing districts, the general absence of clouds to interfere with 
radiation at night, and the prevalence of northerly and westerly 
winds brought much cool, frosty weather to nearly all dis- 
tricts east of the Mississippi River. Over the lower Lakes, 
New England, and the Middle Atlantic States, the monthly 
mean temperature was about 4° below the average. In por- 
tions of the above districts, especially the lower Lake region, 
the temperature has averaged below the normal continuously 
for the seven months, April to October, inclusive. 

From the Rocky Mountains westward to the Pacific the 
reverse of these conditions prevailed. Warm southerly winds 
penetrated far to the north over the Rocky Mountain and 
Plateau districts, and at points in the northern portions of 
those districts it was one of the warmest Octobers in their 
meteorological history, and marked the breaking up of the 
period of deficient temperature that had prevailed over those 
districts since the end of March. 





Temperature extremes were generally within the usual Octo- 
ber limits. Maximum temperatures from 90° to 96° were 
recorded in central Texas, and from 90° to slightly more than 
100° in the central valleys of California and over southwestern 
Arizona. Over northern New England maximum temperatures 
did not go above 70°. 

Freezing temperatures penetrated into the northern portion 
of the cotton region States and occurred generally at exposed 
points in the mountain and Plateau districts. Over the lower 
elevations of California, the western portions of Oregon and 
Washington, and in the Snake River Valley of Idaho, the 
minimum temperatures were well above the freezing point and 
no damaging frosts occurred. 

PRECIPITATION. 

The distribution of precipitation during October, 1907, is 
graphically shown on Chart IV by appropriate shading or by 
figures representing the actual amount of fall. 

During October the precipitation is usually heaviest along 
the south Atlantic and north Pacific coasts, where the amount 
of fall ranges from about 6 inches on the North Carolina 
coast to slightly more than 10 inches on the coast of Florida, 
and from about 3 inches on the northern California coast to 
more than 8 inches on the northern coust of Washington. 
During October, 1907, the precipitation was markedly defi- 
cient over the above-mentioned districts, and the area of heavi- 
est precipitation covered portions of southern and western 
Texas and central Arizona, where normally the rainfall is less 
than in any other portion of the United States. 

Precipitation was above the normal over the higher eleva- 
tions of New England, in New York, the lower Lake region, 
portions of the Ohio Valley, and generally over the entire 
southern half of the United States from the Mississippi River 
west to the Pacific Ocean. : 

Over portions of southern and western Texas the monthly 
precipitation ranged from 6 to 10 inches, and over central 
Arizona from 4 to 8 inches, amounts far in excess of the usual 
fall for those regions. 

Precipitation was unusually light over the South Atlantic 
and east Gulf States and the Florida Peninsula, where the 
total fall was generally less than 30 per cent of the normal, 
and in portions of North Carolina and South Carolina, it was 
less than 10 per cent of the normal. 

Precipitation was deficient over the entire northern half of 
the country from the upper Lakes westward to the Pacific 
coast; the deficiency over western Oregon and the Puget 
Sound and coast districts of Washington ranging from 2 to 
more than 4 inches. 

Rain occurred at unusually frequent intervals over Texas, 
New Mexico, and Arizona, and over California after the 20th, 
and the streams of those districts, especially in Arizona, were 
maintained at unusually high stages for the season. 

Over the east Gulf and South Atlantic States showers were 
of infrequent occurrence, with practically no precipitation 
over large sections of those States from the 10th to 26th. 

Heavy rains occurred over the greater part of the Middle 
Atlantic States and New England from the 27th to 29th. 

Over the northern districts from the Lake region to the 
Pacific the precipitation occurred as light local showers. 

SNOWFALL. 

There was a rather marked absence of snowfall over the 
northern Rocky Mountain districts, but depths of several 
inches were recorded over the high elevations of Colorado 
and northern Arizona. Considerable snow fell over the in- 
terior of New England and in the Appalachian Mountain dis- 
tricts from New York to Virginia. 
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HUMIDITY AND SUNSHINE. 

Relative humidity averaged from 5 to 10 per cent below 
the normal over the entire Atlantic coast and east Gulf dis- 
tricts, and from the upper Lakes westward to the Rocky 
Mountains. Over the remaining districts the relative humid- 
ity was above the normal, being especially high over Texas 
and the greater part of the Rocky Mountain and Plateau dis- 
tricts, where the averages ranged from 10 to 30 per cent 
above the normal, making the tenth consecutive month during 
which the relative humidity has persistently remained above 
the normal over the greater part of the districts last mentioned. 

There was a general excess of sunshine over all northern 
and eastern portions of the United States, especially along the 
Atlantic coast and over the northern Rocky Mountain and 
Plateau districts, where the amount of sunshine ranged from 
70 to 80 per cent of the possible. 

Over the districts from the lower Mississippi Valley west- 
ward to the Pacific much cloudy weather prevailed, the amounts 
of sunshine being generally less than 50 per cent of the possible. 

WEATHER IN ALASKA. 

Reports from the southern coast stations show the usual 
heavy October rainfall, varying from about 10 inches in the 
Sitka district to nearly 30 inches in the vicinity of Cook Inlet 
and at the mouth of the Copper River. 

Meager reports from the interior districts indicate that con- 
siderable snow occurred, and the covering on the ground at 
the end of the month ranged from a few inches to more than 
a foot in depth. 

A severe cold wave overspread the upper Yukon and Copper 
River districts from the 15th to 20th, with minimum tempera- 
tures from 10° to 24° below zero. 

Brilliant auroras were noted in the upper Yukon on the Ist 
and 15th. 


Average temperatures and departures from the normal. 


— 
° Average 
3 tempers- ares a= ; - giterase 
s res ‘or e ures 
Districts. 23 for the ourrest a. a P ieee 
| eurrent month. anu 1, 
3 nent. January 1. | =v 
4 
° ° °o ° 
12 47.1 — 3.6 —23.6 | 24 
16 52.4 —&7 —15.6 | RR 
10 | 61.5 —22 + 5.4) + 0.5 
8 | 73.0 — 0.9 +11.5 | + 1.2 
ll | 65.6 + 0.1 +16.1 + 1.6 
10 | 67.5 + 1.2 + 20.4 + 2.0 
13 | 54.5 — 25 — 5.3 — O05 
10 | 47.3 — 4.2 —22. 1 2.2 
12 | 45.2 —24 —15.6 — 1.6 
9 44.5 + 1.6 —25. 8 — 2.6 
15 51.5 — 1.3 —10.2 — 1.0 
12 53.6 + 0.9 24 0.2 
9 49.2 + 4.8 — 7.5 — 608 
Middle Slope ......... 0 ©. «scenes 6 56.8 + 1.2 +11.5 1,2 
thorn Sle Widsadceséectescce 7 62.4 0.0 419.2 . 1.9 
Southern P! u® . 12 58. 0 + 0.8 + 0.9 - 01 
Middle Plateau * ............... 10 53.7 + 5.1 +101 + 1,0 
Northern Misancuscdnesase 12 53.4 + 5.3 3.0 — 0.3 
North Pacific. ............--+-++- 7 53.6 + 25 1,7 — 0.2 
Middle Pacific.................+.| 8 61.5 + 1.9 —20 — it 
GN TEED cncccdeesecccceesecs 4 64.2 + 1.9 + 4.6 + 05 


* Regular Weather Bureau and selected cooperative stations. : 


In Canada.—Director R. F. Stupart says : 

The temperature was supernormal from eastern Saskatchewan to the 
coast of British Columbia, and normal in southern Manitoba, and very 
locally along the Gulf of St. Lawrence; elsewhere in Canada it was sub- 
normal. Positive departures from the average were pronounced in Al- 
berta, varying between 5° and 9°, while negative differences of from 2° 
to 5° were recorded in Ontario and the greater portion of Quebec. 

The precipitation of the month differed materially over the various 

rtions of the Dominion, in fact more so than usually occurs. From 

anitoba to the Pacific coast it was deficient to the extent of from 66 to 
100 per cent, whereas from eastern Ontario to the Gulf of St. Lawrence 
there was a marked excess over the average, the equivalent being 16 per 
cent in the Ottawa Valley, increasing to the large amount of 102 per cent 
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in the Gaspe Peninsula. In Ontario, over the greater portion of the 
Province, the precipitation varied considerably with the district, some 
localities recording a positive departure and others a negative. In the 
Maritime Provinces the departures from the average were unimportant, 
except in Cape Breton where a considerable excess was experienced. 


Average precipitation and departures from the normal. 














~ | | 
|; @ Average. Departure. 
| «#2 
Districts. 2 E 7 
| 3 Accumu- 
ES | Current po g Current | lated 
= * | month. | normal, ™onth. : “ _ ." 
Inches. | Inches. | Inches. 
New England................... beaeeaee? 12 3. 57 100 0.0 — 3.1 
Middle Atlantic................-...es0++ 16 2. 30 70 —1.0 —ae 
BE BEIIIED 000 co cccccecceccsccesconse 10 0. 65 18 —3.0 $1, 4 
Florida Peninsula® ....................- s 2. 47 49 | —2.6 —&8 
ec c¢gedsccheeecsheeseeesé cveseee 11 1,11 40 —1.7 — 3.7 
Es cicin a cnnapveieeseseées Soeceeeee 10 3. 52 125 +0.7 8.0 
Ohio Valley and Tennessee.............. 13 2. 38 92 —0.2 — 20 
Lower Lake..... 10 8. 66 124 +0.7 0.8 
es Lake ..... 12 1,44 51 —1.4 — 1.9 
orth Dakota * 9 0.77 66 —0.4 ae eae 
ao Mississippi Valley................ 15 1, 31 54 | —1.1 + 2.0 
SE CT trees cacccesceseescescnse} 12 1. 68 89 0.2 — 24 
once. ccoduh ch cone galeeue i) 0.25 38 | —0.4 + 0.9 
ake ccccdccecscsoncsccescvcas 6 2. 46 158 0.9 — 1.3 
Southern Slope*................e.ee-e00- 7 3. 80 173 | 1.6 — 0.4 
Southern Plateau * ...................4.. 12 2.70 300 +1.8 + 3.8 
ais dn nk nine tonetetennend 10 1. 16 100 0.0 22 
Northern Plateau®...................... 12 0. 74 65 —0.4 + 26 
North Pacific. . scabies 7 1. 26 32 —2.7 — 9.9 
Middle Pacific. . 8 1, 33 93 —0.1 2.8 
th Pacific 4 1. 80 225 | +10 + 2.5 
* Regular Weather Bureau and selected cooperative stations. 
Average relative humidity and departures from the normal. 
© © 
¢ | 534 $| ess 
Districts. £ 3EE Districts. FEE 
> | SEs eS | Bes 
4/4 < |a=* 
¢ 4 
New England ................ 73 — 6 | Missouri Valley.............. 62 —9 
Middle Atlantic .............. 74 —2 Northern Slope..............| 67 +7 
South Atlantic ............... 74 -- 4, Middle Slope ........ 68 +9 
Florida Peninsula. ewe 75 — 5 Southern Slope...... 76 +138 
East Gulf .......... wa 0 Southern Plateau ... 64 +18 
CE actépsguce deccceces 77 + 5 Middle Plateau.............. 61 +12 
Ohio Valley and Tennessee... 74 + 8 Northern Plateau ........... 60 = § 
Lower Lake............+-.+.. 73 — 1) North Pacific ............... 86 —4 
Upper Lake .................. 77 — 1} Middle Pacific............... 72 + 2 
orth Dakota................ 70 — 2 || South Pacific................ 74 +4 
Upper Mississippi Valley..... 73 —1 
Average cloudiness and departures from the normal. 
» Lees I £2 
5 ead s 334 
Districts. cee Districts. HTT 
S| Bes s | B25 
< 4 < | aes 
New England ................ 48 —0.7 Missouri Valley............. 34, — 0.5 
Middle Atlantic.............. 3.6 — 1,2 | Northern Slope.............. 28) —1.4 
South Atlantic ............... 3.3 0.7 | Middle Slope ................ 4.2 1,1 
Florida Peninsula............ 3.2 — 1.5 || Southern Slope.............. 6.1 3.3 
NS ae ee 4.4 + 0.8) Southern Plateau .. 4.4 + 24 
Jj) eee 5.1 + 1.5) Middle Plateau .... 4.6 +14 
Ohio Valley and Tennessee... 4.6 + 0.1 || Northern Plateau ........... 3.1 2.0 
ED conus ccccscacesees 5.6 06.2 North Pacific................ 6.9 + 1.0 
Upper Lake .................. 5.8 | — 0.3 || Middle Pacific .............. 5.1 1,9 
North Dakota................ 3.6 1.5 || South Pacific................ 4.4 1.4 
Upper Mississippi Valley..... 4.2;—02 
Maximum wind velocities. 
& | § 'f 8 
— -~ — 
Stations. ¢ 3 3 Stations. ¢ 3 3 
as _ = -— oo 
A - 6 Alela 
Block Island, R. L....... s 54 onw. New York, N. Y......... 29 50. nw. 
rs 51 nw. North Head, Wash...... 28 52 se. 
ED Mie Mencecceccece 11 nO sw. Pienenadexsees soceces 30 se. 
Eastport, Me............. 8 53s. Point Reyes Light, Cal. 1 78 nw, 
Galveston, Tex........... 30| 62) nw. OR tae glien cai 2 52 n 
Mount Tamalpais, Cal. ... 1 62 nw. Portland, Me............ 8 62 os. 
PK catestevoigtusens* 2 54 on. Tatoosh Island, Wash... 10 50 one. 
neagogaetdesd: couse 3 50 on. Williston, N. Dak....... 8 55 nw. 
Nantucket, Mass....... 8 60 sw. 
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CLIMATOLOGICAL SUMMARY. 


By Mr. James Berry, Chief of the Climatological Division. 
TEMPERATURE AND PRECIPITATION BY SECTIONS, OCTOBER, 1907. 

In the following table are given, for the various sections of lowest temperatures, the average precipitation, and the great- 
the Climatological Service of the Weather Bureau, the aver- est and least monthly amounts are found by using all trust- 
age temperature and rainfall, the stations reporting the highest worthy records available. 
and lowest temperatures with dates of occurrence, the stations The mean departures from normal temperature and precipi- 
reporting greatest and least monthly precipitation, and other tation are based only on records from stations that have ten 
data, as indicated by the several headings. or more years of observation. Of course the number of such 

The mean temperatures for each section, the highest and records is smaller than the total number of stations. 














Temperature—in degrees Fahrenheit. Precipitation—in inches and hundredths. 
eg & 8 
2 Monthly extremes. Fs oa Greatest monthly. Least monthly. 
Section g | ae 2 <a 
5 8& : 5 | eB : ; 
e £5 3 z £8 E # 
= $e Station. 4 g Station. M s = ge Station. } Station. s 
on = = Q z 3 bi | 6 
an mia a | @ B < < 
ARG DOERG 2 oe cc cc cccccesed 63. 4 0.5 Decatur... . seeene 95 2 Riverton... seen 26 28 1.44 - 1.16 | Lucy ube st cke' bbb 660 3. 50 Letohatchie al aa 0. 10 
BRR s 00 cc cescceccsves 64.4 — 0.1 || Aztec............ ..| 106 4 ii Flagsteff............. @ 1 2.42 + 1.61 | Grand Canyon...... 8.48 | Fort Huachuca.....| 0,33 
96 ; , nkicuse ae 3 # 
BEE 5 ccioctinaseeed 61.9 0.0 oe SEE Sraiercee os Fi — ae 23 134 B.S 1+ GOT |] Meme ..6<< cscs cccces 10.85 | Dodd City .......... 0.14 
California..........-.-.. 62.0 + 1.6 | Mammoth Tank..... 1071 | varack lw) at] ag 58 — 0.14 || Pine Crest.......... 6.91 || Elmwood............) 0.02 
eee “eae ae 19 —amlie we . 
CG. 0 6.0 du soenseseed 49.1 3.1 tiames a ie nee 91 a }Wagonwheel Gap... 12 30% 0. 87 0.20 || Santa Clara.........| 2.38 || Fort Morgan........ 0.00 
PRORBER occ ccccccccccsess 71.4 |— 1.5 || Orange City.........| 97 9 || Galt, Molino........ 32 29 1. 57 — 2.78 | JOMEEGE cccccccecsese] GES F Weteem...ccccsccod G2 
I ahsvckaanccwesvee 62.6 |— 1.6 || Millen..............] 94 8 oo, “ex et a 29 0.86 — 1.83 a oe : sing) 4.13 | Experiment.........) 0.04 
. we ¢ De cestecek oF 2,2 - ss ‘ » akal I 2] « . r 
TE  . cccccccendses el eenesincn Watakon po sane = 2 a Waimea, Hawaii... 44) 229 6.28}... .. . § ae, S euze ‘ 26.17 || Kekaba, Kauai ..... | 0.06 
BAO 00.000 cccccccccasses §2.3 A See 92 & i] Feemey.......cccccoss 16 3] 0.96 — 0.42 | Landore............ | 2.79 || Poplars.............| 0.20 
DED scccundddcsenaaed 52.8 |— 1.8 || 8 stations ...........| 89 eas 28 1.65 — 0.62 || Cobden....... | 4.22 || La Harpe.......... | 0.380 
vc csdoncscetbesese 51.6 |\— 3.0 || Rome...............| 89 3 || Northfield .......... 19 29] 2.74 + 0.29 || Bloomington | 260 Ti Delphi, 2... .cccscccel 1,31 
Pekucceceviccses sees 50.4 |— 2.1 || 3stations............ 85 2,17 || Audubon,Massena.. 10 28] 1.50 — 0.89 ! Boone........ teeeeel BTS B WR ntcicias ices | 0,30 
I enieeninsictesicl 67.3] ae [iroctige..--..-..-»- 93 e|| Frankfort........... 20) 28] 3.13 + 1.36 || Toronto ............| 7.80 | Plainville...........| 0.11 
Kentucky. ..........000- 55.5 |— 2.6 || Greensburg....... | 9 1 | Shelby City........ 20|- 29 2.97 + 0.78 || Taylorsville....... 4.66 || West Liberty....... .| 0. 34 
i Diccenguge eenees 68.3 1.0 Monroe.............| 98 2 PD... acbseeeee 29) 14 4.27 + 1.66 || Jennings............ 14. 26 || St. Francisville...... | 0,25 
: » |\$Great Falls, Md.....| 83 3 "ae j : ee 
Maryland and Delaware.| 51.2 — 4.2 Srensemeesh. al os 3 Deer Park, Md...... 15, 24] 2.41 — 0.72 || Newark, Del........| 4.28 || Green Sp’g Fur., Md.) 1.08 
Michigan ............... 45.0 |— 3.9 || Port Austin......... 84 3 | 8stations. .......-. 10) 26-28] 1.69 — 1,13 || Mackinac Island....| 5.60 || Mount Pleasant.....| 0.20 
Minnesota .............. 45.4 — 0.9 || Taylors Falls. .....| 88 5 || Taylors Falls ....... 9 28} 1.31 — 1.14 || Blackduck.......... | 2.88 |) Beaulieu............ | 0. 39 
5 ; P ‘ (Duck Hill..........-| 29 rf r : | : : 
Mississippi ............ 64.6 |+ 0.1 || Sstations........... 4% 24 Cetin te ae 24 2.16 + 0.01 || Water Valley.......| 5.08 || Biloxi ceeeeeeeseeees] OM 
ee 56.7 — 0.7 | Mount Vernon......| 94 2 || 3stations........... 18) 27,28] 2.90 + 0.45 ! DONEEE os + swdevsee 6. 44 || 2 stations........... ; 0.99 
0 Eee 49.1 |+ 4.1 || Lewistown..........) 89 36.) PATIO occccccccccecs 9) 274 0.35 — 0.46 || Norris seeeee| 1.27 || 8 stations...........) 0.00 
Nebraska ............... 52.7 |+ 1.6 || Gothenburg........ | 95 6 || Hay Springs........ 9} 274 0.63 — 0.97 || Superior............ | 4.04 || 10 stations .......... 0. 00 
Nevada ................. 54.2 |+ 49 || Logam............... 96 4 i] Dyee....c..scccesse-| 19 28f 0.98 + 0.43 || Palmetto............ | 6.93 || 3 stations............ 0.00 
New England*.......... 45.3 3.8 || Torrington, Conn...) 76 5 || Van Buren, Me...... 10 21] 4.66 + 0.70 || So. Egremont, Mass..| 10.51 || Hyannis, Mass......| 1,92 
New Jersey ............. 50.6 |— 4.3 || Bridgeton...........| 80 8,7 || River Vale........... 18 259 4.46 + 0.45 || Dover............... | 7.18 || Toms River... .....; 2.70 
New Mexico ............ 54.6 |+ 0.4 |) Glen............... | 94 2 || Elizabethtown ...... 18) 30] 1.88 + 0.70 || Carlsbad........... | 8.08 || Erna TR 
FE 45.7 |— 4.0 | South Canisteo...... 85 3 || Indian Lake ....... 10 81} 4.43 + 1.27 || Carmel.............. a eee 2. 
North Carolina ......... 56.7 |— 3.0 || Kinston............./ 98 5 || Buck Spring..... .. 14 29 | 0.92 |\— 2.53 || Horse Cove......... 2.19 || Southern Pines...... 0.15 
North Dakota........... 44.4 |+ 1.8 || Kulm...............] 88 6 || 3 stations.........-. 4) 18,27 [| 0.70 — 0.37 || Larimore........... | 2.27 || Sstations........... 0,00 
ee 48.8 |— 46 || Sstations........... 8 2,3 Iusitivert. Jone 304 2.76 + 0.59 || Hillhouse..... .... / 6.98 || Milfordton.......... 0.95 
— and Indian | 61.7 |— 0.3 | Ardmore,Durant,L.T 95 1 || Kenton,Okla........ 23 8] 4.56 + 2.36 Durant, Ind,T ..... | 10.96 Kenton, Okla........| 0.50 
erritories. 1] 
0 DD dteasnecoeenees | 55.6 43 ji Datrviow............ 95 C8 TO cisiasccsccarl 24> 1.21 — 1.87 || Port Orford......... | 3.92 || Huntington.........| 0.01 
Pennsylvania ........... 48.2 |— 3.7 || St. Marys...........| 87 3 || Pocono Lake........| 18 31] 3.16 — 0.16 || Point Pleasant ..... 5. 64 || Everett............ | 1.01 
Porto Rico.............. 77.7 |.......|| Central Aguirre..... 97 19 |} Aibonito............ 54 SOR Bae bess .cces S OR codantan cuts ess | 19.85 || Central Aguirre..... 8. 64 
South Carolina .......... 61.2 |— 2.3 || Walterboro......... 91 Fe iis coon cstavasl, OE 294 0.73 — 2.40 || Beaufort............| 2.32 || Aikem............... 0,00 
South Dakota ........... 48.4 |+ 0,2 || 3 stations........... 89 6 || Kidder.............. 9 18} 0.74 — 0.80 || Kidder............. ‘| 2.55 || 6 stations......... | Ze 
Tennessee .............. Db . 06 By vc coe ccssnsace 93 Pe ice psssacsnses] 29] 2.50 — 0.07 || Memphis............ | 4.90 || Knoxville........... 0. 93 
ED Sandaneecnessnceud 67.1 |+ 0.6 || Encinal............. 101 | Voo0U! C6 24 9f 5.35 + 8.00 || Alvin..... ........ 13.00 || Brownsville......... 0. 78 
iibdbasstsceens soesd 52.5 |+ 4.8 || St. George........... 90 12/| Coyoto............... 17) 8] 1.45 |+ 0.67 || Ranch.............. | 8.41 || Thistle..............] 0.20 
0 53.2 |— 3.8 || Dinwiddie..........| 89 3 | Burkes Garden...... 16 15] 1.43 — 1.85 || Warsaw ............| 3.18 || Buchanan........... 0. 50 
Washington ............ 54.5 |+ 3.5 || Zindel..............| 94 Oe SN Scie pecsscecks)| Se 11} 0.80 — 1.54 || Quiniault........... | $3.89 || Ephrata............. 0. 00 
West Virginia ......... 50.3 |— 4.6 || Doane...............| 87 Oe PEE seine cc csess 19 244 2.65 + 0.45 || Webster Springs... 5.12 || Harpers Ferry...... 0. 54 
“ p \§Brodhead ........... 82 2 : 
Wisconsin .............. 45.8 — 3.0 oie ede 82 3 ee 10 28] 0.78 — 2.00 | Lake Mills..........) 1.57 Brodhead......... -| 0.16 
. , GE éuincckecnnkel Ge are ae | 
Wyoming............... 46.5 |+ 4.0 | Wyncote............ 84 5 Soda Butie, ¥.N.P.. 10 a 0.35 |— 0.66 | Fayette............. 1.74 | 4stations...........| 0.00 








* Maine, New Hampshire, Vermont, Massachusetts, Rhode Island, and Connecticut. + 48 stations, with an average elevation of 531 feet. 1 140 stations. 


DESCRIPTION OF TABLES AND CHARTS. 


By Mr. P. C. Day, Assistant Chief, Division of Meteorological Records. 


For description of tables and charts see page 30 of Review for January, 1907. 
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| instruments, 
|e is 
ls¥ is 
Stations. Kae 2 
> ia 
S# |e 
g2 5 
.o 
HE 
- 
Eastport ............ 76 69 «85 
Portland, Me........ 108 81 117 
BET. cocccccesecs 
Burlington. ......... 404 12 47 
Northfield........... 876 16 70 
DOGREE occ cccccecvces 125115 188 
Nantucket .......... 12 14 90 
Block Island ........ 26 11 
N maett .... 666). eens 
Providence 
Hartford....... 159 122 182 
New —— 
Albany .......-«+-> 97 102 115 
Binghamton ........ 871 78 | 90 
New York........... 814 108 350 
Harrisburg.......... 374 94 104 
Philadelphia ........ 117116 184 
Soranton ..........-- 805 111 119 
Atlantic City 52 37 448 
Cape May .......---- 17 
timore ..........- 123 
Weshington ........ 112 
Cape Henry.......-- 18 
Lynchburg........-- 
Mount Weather ..... 1, 725 
Norfolk .......-++++- 91 102 111 
Richmond........... 144145 158 
Ww BEMc ccc cecces 298 
A 
Asheviile ..........+- 2,255 53 
Charlotte. . 778 
Hatteras ...........- 11 
Raleigh .. 876 
Wilmington ........ 78 
easton .......... 48 
Columbia, 8. C...... 351 
Augusta...... pooedee * 180 
Savannah..........- 65 81 
Jacksonville ........ 43 10 
Florida Peninsula. 
Jupiter. .........-..+ 2310 48 
Key West..........- 22 10 38 
Sand Key ..........- % 41 
Tampa .........+-+++ 85 79 96 
Bast Gulf Stat 
EE 1,174 190 216 
Maoom ........0+-005 3 
Thomasville ........ 2738 8 «58 
Pensacola ........... 56 79 96 
Anniston ........... 741 
Birmingham ....... 700 186 144 
o— 660606 coveccee x B +4 
ontgomery ........ 
eri wd cecccece 875 84 98 
Vicksburg. .......... 247 
New Orleans .. 51 88 121 
West 4 States 
Bentonville......... 1,308 11 
Fort Smith.......... 
Little Rock ......... 857189 147 
Co Christi 20 48 
Fort Worth......... 670 106 114 
peseoescccs 54106 112 
iineses coeees 
San Antonio........ 701 80 91 
sebbdeagesecne 583 55 «68 
Oh Vail. and Tenn. 
Chattanooga ....... 762 106 112 
Knoxville........... 1,004 93 100 
ivccodveseces 399 76 97 
Nashville........... 546 79 (91 
poxineee pom 989 75 102 
Micébaececd 525111 182 
Evansville .......... 431 72 
Ip 822 154 
Cincinnati.......... 628 152 160 
Columbus. .......... 8241738 224 
Pittsburg ........... 842 336 352 
reburg........ 638 77 84 
_— ag tees eaten . 1,940 
Dbessccccessese 767 178 
— peepevteserces = 
Rochester........... 523 81 
Greene Edesbesoneoe 597 97 
Mbnbeenddecsccsces 713 92 
Cleveland ........... 762 190 
dusky ........... 629 62 
Dt scbséeseccceee 628 207 
Ee 730 218 
Lake 
see Kibese — 609 13 
end ebesesee 612 40 
Grand Haven ....... 682. 54 
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TABLE I.— Climatological data for U. S. Weather Bureau stations, October, 1907. 


Temperature of the air, in degrees 


| Elevation of Precipitation, in | 
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Pressure, in inches. 
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se to = 
i eo 
——- S&S | 
3 leg) Eg 
|@8 Ss Es 
ge ier) ge 
| a 
| al 
|a | 5 
0.0 
0.9 10 9,084 
1.1 | 8 | 7,558 
+05 11 4,190 
- 0.4. 14 8,409 
+27 12) 6,556 
—1.3 5 7,996 
—L4 7 12,495 
—19 4 18,521 
Saat 4 ep cel 
—0.4 6 4,891 
+ 0.7 7 (5,375 
+09 7 7,396 
—1.0 
+ 0.7 11 5,812 
+ 0.2 10 4.595 
+ 0.1 9 9,227 
~L4 > 7 4871 
+03 7 8,069 
0.0 8 | 5,258 
—O1 7 6,602 
—01 7 7,339 
—14 > 7 4907 
~10 8 5,273 
—%1 5 11,645 
~28 4 21562 
—27)| 8/| 6,476 
-1.0 4 6,042 
—23 8 3,548 
— 3.0 
—24 4) 4,593 
23 2) 4.543 
—5.6 2 11,542 
—33 4 4,395 
—35)| 6) 5,486 
—24 4 7,804 
~24, 3 4.693 
—1.8 4 3/809 
~3.1, 8 5,044 
—3.7 5 6,214 
—28 
—3.8 14 8,869 
—3.3 6 6,705 
24 5 11,069 
—19 6 5,954 
—1.7 
—1.1 6 6,901 
—17 2 2854 
—33 2) 8.335 
—3.2 5 6.227 
—15 5 3.539 
—1.4) 5 4,571 
—24) 5 4522 
—1.3) 4 3,923 
—1.9 7 2)868 
+ 0.7) 7| 3840 
—1.3 8 5,684 
+ 0.7 
0.0 11 38,948 
— 0.6 7 3,250 
—0.6 6 4,541 
+0.7 5 4602 
—1.2 7 8147 
+ 0.5 11 5,507 
+ 2.8) 12 | 8,679 
+1.7 14) 6,507 
+ 2.9 10 5,619 
+21 4 5,814 
— 6.2 
—1.7 8 3,810 
—1.7 5/| 3,048 
+ 2.2 5 4,718 | 
—0.5 65 38,228 
+05 7 6,972 
+03 7 5,348 
— 1.0 5 4,338 
—0.6 5 6,782 
+ 0.5 7)| 4,770 
— 0.8 7 | 8,232 
—0.7 9 6,902) 
— 0.3 10 8,864 
+18 11 2'438 
+07 
+ 1.3 11 10,875 
—0.3/ 14 7.752 | 
+25 15 | 8.134 
+ 0.4 14) 6,147) 
+ 0.2) 15 90st 
+ 0.5 11) 8,048 
+.4 12 1g, 021 
+ 1.0) 10| & 188 
+ 0.3 8 9.680 
—0.5 10 9.662 
—14 
—1.7/| 9! 7,406 
—22)' 9 7.759 
—11 10) 8.471 
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4.8 
8 6 9 16 6.9 0.9 
815 9 744 
8 18 5 8 39 
10 6 7 18 7.2 1.5 
30 5 11 15 6.7 1.9 
8 14 9 8 4.4 
8 15 10 6 4.6 
8 146 9 6 3.4 
cool nC |] COG we 
9 18 8 5&5 35 
8 14 8 9 4.8 
819 8 43.2 
3.6 
8 13 11 7 4.5 0.1 
27 9 11 11 5.5 1.0 
29,18 9 4 3.1 
8 20 8 3 3.4 
8 1s 9 4 3.5 
8 10 15 6 5.1 
28, 21, & 8& 2.7 
29:26 1 #4 2.7 
8 18 8 5 82 
28 18 9 4 3.4 
8 23 3 5& 8.0 
28:20 7 4&5 
23; 21, 3 7°38 
8 19 7 3.1 
23 16 «#7 3.9 T 
3.3 
29 16 9 6 3.8 
23 19 5 7 3.7 
28; 21, 9 12.7 
28 21 4 #6 3.1 
28 20:10 1 2.3 
2120 7 4 3.0 
71412 5 45 
27 15 11 «5 3.5 
8 21) & 8 3.1 
16619 8 4 3.6 
3.2 
14, 7 22 2 5.0 
14 18 10 8 3,1 
1517 12 2 3.4 
15 26 5 01.5 
44 
28:18 4 9 40 
5 17 8 6 3.4 
8 19 9 3 32 
28,13) 8 10 4,4 
31 16 4 11 4,7 
238,10 14 #7 49 
12,12 7 4.7 
13 13 11 7 44 
7,17' & 9 4.38 
7138 8 10 46 
7.9 9 18 6.9 
6.1 
2,12,10 9 4.7 
117 5 944 
7411 6 42 
7168 741 
29° «8 18 5 5.0 
7° 817° 6 5.2 
30 15 7 9 4.6 
12 8 5 18 6.7 
7 #7 10 14 6.2 
3 6 12 18 6.2 
46 
27:17 6 8-40 
714 8 9 47 
3 212 8 33 
7148 9 44 
8 14 3 5.0 
11/14 8 9 4.7) T. 
3 1312 6 4.1 
27; 9) 11) 11) 5.5 
1115 10 6 4.5 
27°14 8 9 46 T. 
11 14, 8 9 48 T. 
28 12:18 6 47 T 
20 6 14 11 5.9 T 
6.6 
11; 7,17 7 6.7 T. 
22; 8 9 14 6.1 T 
29° 7: «10 «14 6.3 T. 
8 9 11 11 5.8 
27 9 6 16 5.9 T. 
27, 11, 8 12 5.5 
7 616 9 5.4 T 
8 13 711 49 
10 14 8 9 47 
7,12 7 12 5.4 
5.8 
17 7 13 11 6.0 T 
7 10 10 11 5.7 T 
9 7 10 14 6.0 
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Stations. 


Up. Lake Reg—Cont. 
Grand Rapids....... 
Houghton ........-- 
Marquette. .........- 
Port Huron......... 
Sault Ste. Marie... .. 
Milwaukee.......... 
Green Bay....-...-- 
Duluth ........+..-- 


North Dakota. 
Moorhead. .........- 


Minneapolis ........ 


Madison ...... avaue 


annibal........... 


Missouri Valley. 
Columbia, Mo....... 
Kansas City ........ 
Springfield, Mo..... 
ree 


Valentine .......... 
Sioux City.......... 
Pierre ........ xa 
BN gece ccevecsés 
Yankton ........... 
Northern Slope. 
PE acconccocsesés 
Miles City .......... 
LT jcepesceveees 
Kalispell. ........... 
Rapid City.......... 
Cheyenne .......... 
DEE secencvesveee 
ae 
Yellowstone Park... 
North Platte........ 
Middle Slope. 
oe 
ckad¢ecuednes 
Concordia .......... 
i videscakcexmed 
ae 
Oklahoma .......... 
Southern Slope. 
SD decin cekeke< 


Winnemucca ...... 
I edi 6k d0 
Salt Lake City ...... 
Durango ............ 
Grand Junction .... 
Northern Plateau. 


Tatoosh Island...... 
Portland, Oreg...... 
Roseburg ..... ae 


Barometer above 
sea level, feet, 
Thermometers 
_ above ground. 
Anemometer 
above ground. 


SSB —HaRSRook= 


ae 


Pressure, in inches. 
g¢ f i868 
42/22): 
es | ts | “4 
BS | 5 | 28 
=? 23 3s 
$9231 s 
tsige/f 
< ~~ | a 


29.39 30.69 05 
29.37 30.08 07 
29.22 30.12 08 
29.37 30.12 09 
29.40 30.07 05 
28.82 30.06 06 
29.04 36.08 08 
28.30 30.12 13 
28.44 30.04 05 
28.05 30.07 09 
29.16 30.08 07 
29.31 30.09 + .07 
29.04 30.10 .07 
29.02 30.12 + .10 
29.45 30.12 + .08 
29.20 30.12 .09 
29.36 30.13 . 09 
29.45 30.14 09 
29.76 30.15 + .08 
29.56 30.14 + .10 
29.46 30.14 + .09 
29.44 30.13 + .08 
29.55 30.12 .07 
29.51 30.12 . 06 
29.29 30.12 + .07 
29.11 380.16 + .12 
28.72 30.13 + .08 
29.07 30.13 4+ .09 
28.82 30.10 + .07 
28.92 30.11 + .08 


27.36 30.10 + .09 


28.41 30.09 + .08 
28.68 30.11 + .10 
28.76 30.09 + .08 
27.39 30.03 0 
27.54 30.12 12 
25.89 30.09 4 

27.00 30.07 06 


24.10 30.10 + .09 
24.74 30.13 + .09 
26.18 30.12 |00 


. 08 


28.82 30.10 + .07 


28.28 30.08 07 
26.35 30,06 06 
29.03 30.01 03 
26.41 30,03 07 
26.22 29.96 04 
23.33 30.02 + .06 
23.39 29.95 03 
28.75 29.89 ol 
29.73 29.87 on 
26.00 29.98 + .08 
25.48 29.98 — .01 
24.11 | 90.08 |...... 
25.64 30.02 — .08 
24.65 29.98 + .02 
25.66 30.01 00 


25.55 30.07 + .08 
28.02 30.07 01 
28.97 30.04 — .08 
29.81 30.04 01 
29.79 30.07 05 
29.96 30.09 o4 
29.84 30.07 03 
29.94 30.04 4+ 
29.87 30.03 — .03 
29.48 30.02 06 


Mean max, + 
mean min, + 2. 
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76 6 
70 «(16 
79 «16 
87 5 
8&3 5 
82 ) 
77 6 
76 6 
7 6 
77 2 
79 2: 
84 2 
7 17 6 
81 2: 
s4 2 
87 2 
83 2 
sd 2 
4 2 
82 2 
82 1 
82 2 
80 2 
88 2 
88 2 
84 2 
82 6 
80 6 
83 6 
82 2 
6 
6 


82 16 


70 «(12 
98 11 
102 11 
79 «10 
79; 7 
72| 7 
81 11 
75° «i 
78 «12 
7% 0«C« 
79 5 
7 4 
81 5 
9 «5 
79 OS 
80 5 
86 OS 
80 10 
67 10 
70 10 
70) 64 
66 10 
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TABLE I.—Climatological data Jor U. S. Weather Bureau stations, October, 1907—Continued. 


Temperature of the air, in degrees - 13 Ips 
Fahrenheit. ig i 
eis (= 
8 : , eet a 2s 3 : 
M4 | 18 Els | Eigse 
\“g ) | |& Biles 2 Ree 
£268) |g) ga B oS es lgbiss 
SSig| |8| 2 B iSf| & Sle 
~ = 8 E » — | 
2 #822 es 83(98 
= = o $ 
2 Sifigis ifig i& (Sle le 
=) a iGcia a2 108; 24 id aie |e 
76 «=O2 26 38 26 42 38 78 
- 7i 16 Be GD | SS live clecns so% 
—_ 72> «1 28 37 34 38 33 72 
— 75 21 37 @ 41 38 80 
— 6 


a8} 48 | 87 |....|....|.... 
28 47 2 50 44 69 

62 
Se G1 Be bnnbdlaccalvoda 


13} 46 34}.. .|.. 
138 42 37 45 38 64 
12 44 35 45 60 





Presipitation, in 
nches. 





} 
: ae | 


a isis 
. (he. som 
a 
4 af 2s 
4 is S| os 
P es Fs Be 
$6 8 
& a Als 
1.44 — 1.1] 8 | 7,288 
1.80 — 1.4 | 12 | 4,798 
2.35 — 0.8 10 | 8,416 
1.92 —0.8 | 9| 8.510 
2.33 —0.9 10 | 6,860 
0.93 —1.6 8 10,842 
0.78 \— 1.6 | 9| 7,684 
0.82 —1.6| 7| 7,365 
0.95 —1.8 9 |10, 849 
0.78 — 0.7 
1.60 —0.5, 5 6,368 
0.80 —0.2) 4. 6,875 
0.68 | — 1.4 6 | 7,919 
0.08 — 0.7) 1 7,115 
1.31 —1.1 
1.26 |— 1.3 7) 9,357 
0.96 |— 1.4 6 | 7,560 
0.57 — 1.9) 9 | 5,719 
1.14 |— 1.8 | 11 | 7,042 
0.64 — 1.4, 4) 5,279 
0.70'—1.7. 4. 5,010 
1.70'— 1.0] 6 | 5,628 
0.77 |— 1.9| 7| 4,613 
0.47 —2.0) 5 | 4,921 
2.99 + 0.3) 7 5,028 
0.87 |— 1.7) 7 | 5,195 
0.35 |— 2.2| 5 | 5,542 
1.36'— 1.2) 4/ 6,333 
2.74/+ 1.1 8 | 6,071 
3.15 + 0.7) 8 | 7,820 
1.68 — 0.2 
2.16 —0.8) 7 | 4,951 
2.25| 0.0, 7 | 8,394 
2.63 — 0.2 10) 6,230 
5.04 + 2.8! 9 | 4,559 
2.54 + 0.6) 9 | 5,609 
1.60 '— 0.2) 4) 7,225 
2.09 —0.3| 5 | 6,256 
0.30 |— 1.0] 1 | 7,186 
0.62 \— 1.2| 5 | 9,478 
0.56 |— 0.2 3) 6,284 
0.36 —1.0| 2/| 8,212 
0.04 — 1.5) 1 5,785 
0.25 — 0.4 
0.05 — 0.4) 1) 5,210 
0.22 — 0.6! 2) 3,503 
0.58 — 0.2) 3 | 8,801 
T. |\—1.2! 0| 2,995 
0.08 —0.6. 8 5,899 
0.40 — 0.6) 8 1,800 
GP lic caonct S Berge 
0.54 — 0.6, 6 | 4,093 
6.14/—1.0 1) 4,911 
2.46 + 0.9 
0.17 —0.8 8) 4,989 
1.53 |+0.8| 8) 4,516 
$.17'+ 1.2] 5| 4,491 
2.36 + 1.0) 6| 6,169 
4.10 + 1.8] 7 | 5,085 
3.42 + 1.6) 6 8,849 
3.69 +1.9! | 
3.92 + 1.6/ 11 | 4,849 
1.79 + 0.1 | 10 | 8,196 
6.09 + 4.6 | 12 | 5,506 
2.98 + 1.5) 10 | 8,457 
2.28 +14 
2.52 +1.6, 8 | 6,575 
1.12 +0.1| 8 | 5,678 
4.58 + 2.7! 14 | 4,456 
2.00 + 1.6) 9 | 2,691 
1.32 + 1.1| 3 | 3,122 
2.12 + 1.4) 7| 4,916 
1.27 + 0.3 
1.74 + 1.3 9 | 2,727 
1.23 |+ 0.4) 7) 6,569 
0.60 + 0.1 5 | 3,874 
1.71 + 0.9 12} 6,015 
1.16 —0.2 9 | 3,775 
0.99 —0.8 65 3,960 
1.48 + 0.3 4) 3,009 
0.64 — 0.6 
0.44 —0.5!| 5 | 4,704 
1.16 |—0.1 | 7 | 3,381 
0.48 — 0.7) 3 | 2,118 
0.84 — 0.1) 8 | 3,961 
0.25 |\— 1.8 8 | 2,487 
0.70 —0.8 | 2 | 3,028 
1.2 — 2.7 
0.90 —3.0 11 | 9,074 
0.88 —2.6| 9 | 3,343 
0.67 |\— 2.2| 7 | 4,070 
1.17 '— 2.2!) 6| 2,951 
3.40 — 4.6 13 9,989 
0.938 —2.8| 6 | 3,506 
0.89 —1.7! 9 | 1,464 
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TABLE I. .— Climatological data for U. S. Weather Bureau stations, October, 1907—Continued. 





























| Elevation of Temperature of the air, in degrees . 18 Eg Preci itation, in ‘ 
instruments. | Pecasase, in inches. | Fahrenheit. gi & nehes. wise. EF 
| Sis 1, ss 
ie jg j. | 8 3 ;| 8 | + z ; 2 8 lf. .. afsSs&ie & Maximum m \8s 
‘3% Og | Ord | ee e | / 9 = dg = | 6 ig84e z > a 2 velocity. s| 2... 
"a ~a) z = .|n«? -. = s ia = 2 a . Ss ig = ay == = 
eutionn lay AElaEl da | es | 2d | 4 | ef é aS Shee od ["s| 89 | 25/5 Zig 35 ¢ 
| kes - oe | ge i : : | = = ra a 3 we © : «| 3 sf 
=e oo ‘33 se} 56 | 95 SE e | 3 = = igaiz ag sk sé =s 25 sf. & risit oe e 
& G@eige| = | &4\ tE/ ag | ES iB a & B icf eis "ie es Be & |S" «3! = 3 b> to) & 
Bn Msies| & seia"|as| 3" = s £& ; eis /ais ie a” |e 2 (©8 & git Sit eEws 
3 o2\c3 33 Bia | «8| & x |g ¢$ 8 = gig $is is $ a BIg > 4) 2 |S\ git) 2\e8' Ss 
aaa) O65 $s | @ I o @i2 = = 8 2 o 2 = 2 eis . = = isiSiaisit=|5s 
mig (ae | 88/4 [a | |e lAla| 8 Ala jae ale [6 Ble ew | 4 ROR \O/S |& 
| | | 
Mid. Pac. Coast Reg | | 61.5 |+ 1.9 | | 7 1.33 |-- 0.1 6.1 
nen amnanetes 62 62 fe 29. 95 | 30.02 |\— 85.2 |+ 2.1) 70 | 4 59) 45| 2) 52/19 53 St 88 | 1.48 |—1.2 10 2,962) n 35 on. 2} 3 9 19 7.8 
Mount Tamalpais 2,375 11 | 18 | 27.58 90.00 |— .01 | 57.5 |....... 82 | 4 64 81, 51 50 44/68 1.65|4+ 0.4. 7 11,288| nw. | 62> nw. | 1/17 5 9 3.9 
Point Reyes Light 490, 7 | 18 | 29.44 | 29.95 |. 56.6 |....... 79 | 4|61 | 47/ 15) 52 | 26)....).... Ce Lcntanvs 6 12,152 | nw. | 78| nw. | 1) 9 7 15 6.4 
ae 832\ 50 | 56 | 29.59 | 20.94|- 094 66.6\+28/195| 479) 49/27 55| 35/54 47/57 0.90 |— 0.7) 4) 3,256) se. | 27 | nw. 215 7 9 42 
Sacramento ......... 69/106 |117 | 29.88 | 29.95 |\— 04) 64.3 + 21/91) 4 75 > 45) 19 54/34 56 51 67) «21.20 /+ 0.2) 4/ 5,261 | s. 29 nw. | 2)18 6 7 3.4 
San Francisco ...... 155/200 |204 | 29.81 | 29.98 03) 60.6(|+22/190| 467| Si| 13 54/31 54, 51, 79) 1.86/+ 01) 7) 4,886) w. 28) sw. | 7 10 10 11 4.8 
San Jose ........-++- 141, 78 | 88 | 29.82 | 29.98 |. .....| 60.8/4+ 0.5) 91) 4/72) 42/13 50) 44)....)....)..- aes i—@8/| &|/....... MW. |...-|..c00-|-.-| 18) 7) 9 48 
Southeast Farallon 90} 9 | 17] 29.95 | 29.98 )|....... 87.1 |.......| 71 | 4| 60 | 80 15) 54/| 18)....)... "| 1.74/4+ 0.5) 7) 8,670/ nw. | 48/ nw. | 1) 8 7 16 6.6 
8. Pac. Coast Reg. 642 + 1.9 74 #1.80'+ 1.0 44 
WUREEO 00.00 ccceccees $30| 67 | 70 | 29.60 | 29.95 |—.01 | 64.8 + 0.1/ 90/10 77) 47) 2 53/37 55 48 62) 1.08/+ 04 4 3,078 nw. 18 w 1,19 2 10 3.8 
Los Angeles ........ 38/116 |128 | 29.58 | 29.94|— .01| 65.6 |+ 33 | 87| 3 75| 48/13 57| 82/58 55 | 78) 1.19/+ 04) 8 | 3,386) w. 22) ne 812 4 15 5.4 
Diego..........- <7 94 (102 | 29.84 | 29.93 |— .02 | 64.9 (4+ 1.9| 78 157 54 8 60/20/60 58/82) 1,71 1.2 9) 8,945| w. | 21 | nw 7:19 8 4 3.7 
Gan Late Ob .| 201) 47 | 54 | 29.76 | 29. 97 02) 61.6 + 2.4/90| 4738) 44/14 50/43/54 50 75 3.28 1.9| 4/ 3,264) nw. | 18) w 213 8 10 4.9 
‘eat | 
Grand Turk ........ 1 6 | 20 | 29.98 | 29.94).......) 81.0)....... 91 * 87) 69! * 75 7 ee | ee ane thay SEE ne 
San Juan. * 48 | 90 | 29.83 | 29.91 /+ .01 | 80.0) ...... 92/18 86) 70. 3 74| 16) 75 | 73| 81) 5.12) —1.1 | 19 | 5,617) s. 38 | ne. 7 9 12 10 5.8 
BOB occccccccccces 7”. oe a. sbeie 
Bas Obispo........-- 40. SE ee ee A cial acces ieaddbient lace avseebese peaceteeecinacdiocsinncfoenecetiy esfendec. cievesccioeseissses 
Christobal..........-[ececee|eeee[eces Rabeots | aedodiieeentdali-aahas [esseees 
* More than one date. + Record incomplete. 
TABLE II.—Climatological record of cooperative observers, October, 1907. 
Temperature. | Precipita- Temperature. | Precipita- Temperature. Precipita- 
(Fahrenheit.) | tion. (Fahrenheit.) | tion. (Fahrenheit. ) tion. 
j on ~ = 
| | 143 z |: z (> 
= “a ) 7 a 
Stations. | a. | Sy Stations. B 3 are Stations. i» 
| z  7o | @6 = F 2o | oo = 5 7 
= 5 | | &i\sse s = ea <a Ss = Se igscsa 
a a . = | ad | 3 “ en cs | = : aa 7 
Bie) ai49 i2 giegisig iz gi/e/% 4 2 
ai) | a Zé sisisiaié si; iz/\2 |e 
| 
Alabama. ; = ° ng Ins. | Ins. Alaska—Cont’d. ° ° ° Ins. | Ins. Arizona—Cont’d. e ° ° Ins. Ins. 
Ashville.......-.000-+++--| 86 | 31) 611) 1,38 Ketchumstock............/-.ese+|--esseeeees-| 0,72 9.0 | Seligman ..............+.- 78 31 54.9 = 1.90 
BEE otigcdécsnboctesees 83 | 39 64.2 1.90 REN 565 stick’ sndvnns 57 27 | 43.5) 8.57 1.2 || Semtimel.................-/ 100; 5 |60.0/ 1.08 
Bermuda 87 35 65.2 1.25 SL Fon da dabetecccsdece eiceces.sienveaniecers 29.15 PEE acccssckacccscus] Oe 51 (68.6) «1.05 
Boligee. .. .... -- «eee eeee | @ 32 64.4 1.60 Tic cn cebccecccevescoces 62 7 46.9 11.77 TOMRBG. cccccce coccs cose 106 438 71.3) 2.36 
Bridgeport .... «++ eeceeec|sceeeeleceeesieeeees 2.15 OS PS 56 20 | 43.0 5.87 T. TRIMER : onc ccccssciccce 85 35 63.8 4.04 
OE on cccceces c66b00es els cscs cleccsecioceces 1.72 Tonsina 60 —22 30.1 1. 07 8.0 | Tombstone............--- 81 44 62.6 0.70 
Camphill .......--«-++++++ 87 36°, 62.4 0.65 Arizona. NE cnccdcesesexcsest 96 42 69.6 1.13 
Bla@........++++++- creccloccccefoccess| See Allaire Ranch . ona. Ree eee ee BE Pi ncdecsdedecccesons 92 60 74.9 0.86 
Citronelle .......-..««+++- 89 37 68.5 0.63 Arizona Canal Co. Dam.. 98 4972.1 2.07 WEE GNBUD. occc cccccccieccccclosesecicscssc] OD 
Clanton ..... 6. -s ee eeeeeee 88 32 63.0 1,17 SEEN Gudddenes cacepeeccne 106 48 78.0 0.96 WORE ccccecccetees evces 4 34 «(60.1 2. 24 
Cordova. .....--0seeeeeees Bit) 29 61.6 1.62 ON RT 89 88 64.4 0,60 0) er 82 28 | 65.2 2.7 
Cullinan. ~ ....6.-eeeeees 89 82 61.4 1.77 i cnatudndes «sves0ces 81 41 60.4 0.96 _ - Sess Ba 3. 47 
MP ccccccccccccccces 95 33 «(61.4 1. 96 BEMEEEEL,. cscceccssvcccooess siecaxsanl Eee Arkansas. 
Dememolie ... 2... cc cccscleccccelececseleces 0. 76 SME ata 89 39 63.8 1.50 (SE REE AS IEE 87 29 59.2 2.40 
ERMINE cccccccccocsece Ss 82| 37 61.8 0.63 RE du avecneasade 101 43 70.4 1.46 rt Vee 91 31 61.9 272 
Evergreen... ...----+ee+e> 90 39 | 67.4 0.92 Casa Grande ............. 95 45 71.0 0,80 | Arkadelphia............-. 93 34 «66.0 +371 
Flomaton .......--+++- 90 35 67.2 (0.85 Chiarsons Mill........... 64 28 43.8 13.29 Arkansas City. ........... --+55- see A 
Florence ......----++++++: 90 31 60.8 1.91 ETERS SSSA Ae a A Batesville ..............-- 91 $1 62.2 | 2.28 
Fort Deposit ......-.--+-+ 88 39 | 65.2 1.57 PO cha ceccecenseesecee 93 42 65.2 3.46 Bee Branch............-. 89 33 63.0 2.90 
Gadeden .... 2... cece cerns 87 34 61.9 1.50 ST. cadcntnceveenes 84 48 66.6 1.92 NN iduvpakdscnueese 91 33 63.6 2.27 
Good Water ............- 88 4 64.2 O81 GEcécncccesce sees 98 5470.4 #8 2.81 POMRMRER cs ccc cscsccceses 90 23 «457.6 =««1. 41 
Greensboro........----++- 87 | %7 | 65.6 1.50 Congress ieusudiesenesence 91 52 66.8 2.43 SS eee 92 31 61.8 5.56 
Guontersville............+- Scccctioccocsiccadeel BOP ss EB ccccc ccccccccccces 91 38 (64.8 0.63 CRE 5. kaccvenccccesess 90 33 «(68.7 2=— 3.11 
Hamilton .......-.+-++++ | 9 30 | 62.7 2.09 Ded - qriile CIO Ae 92 44 66.1 1.75 Center Point. ............ 93 33 64.4 3.32 
Highland Home.........- 89 39 | 67.0 2.52 rin ¢ S28 ORS EER ESR STE “2. 1 _ IS A Se SE a 
hatohee ......... +--+: | eeeceleness sesees| G10) —s | Plagataff..........--0-00-- 73, 26 49.0 5.47 ee 90 33 61.4) 3.80 
Livingston ..............- | 88) 381 | 63.1) 1.08 rota as a ake Gated | @2| 81 | 87.2!) 38.77 b PMIOIID sv i cc nncc ccs ceclescces|seecs ice t ae 
— a eee 87 32 | 61.7 0.62 | Fort Huachuca........... 82 84 60.8 0.33 SPs 91 $2 61.7 5,22 
baey weeeeeeeseeceresseeesl 89 34 65.4 3.50 Fort Mojave... ... ....... 104 51 74.0 2.60 Dodd C my. See ae 2% 659.3 1.40 
Madison Station.......... 88 32 | 60.6 | 2.04 DE dustetstescceeeel © 28 55.0 1.20 Dutton . CPOE Ee 23 59.3 249 
Maplegrove .......--+-+- | 86) 80/593) 1.17) | Gila Bend ............++.- 101) 55 75.0 1.95 DR ccccccccasess sescse 91 «=80 62.0 | 2.92 
Newbern .......... «+++ 92 34 66.4 «1,387 Globe. . a 40 64.0 419 ae o4 35 65.4 3.34 
|) eee 8, 29) 59.8 > 1.77 Grand Canyon «. saunas 72; 26 49.4 8.48 QO rere 90s 32 64.24 3.39 
Opelika ........---.0e00: 8 | 87/640) 1.59 | Greer..... See. Fe ES eee 3. 24 Eureka 5 sings. vecee| 88) 29 | 59.4) 1.97 
Orark «0... cece eeceee seers 87 | 38 | 65.8) 1.18 | Holbrook . it) en) 88 66.6 8 | Fayetteville. . ceecee| 988] 23 /QQ8| 2.2 
Prattville 88, 33) 63.8, 1.86 Huachuca Reservoir............. --..- , 2. 84 Forrest City .. seceees| 88] 883/608) 4.19 
9 «683 | 644) 178 ee RS HERS Se: Sy 2. 76 SN Gan divdtddickossleseeaniesents ... | 418 
99, 26 | 59.6) 2.12 7. RET 80, 42 59.7 5.40 a eae 89 30 60.4 2.85 
84) 81) 59.1) 161 Keams Canyon. ......... 76, 2 652.8 1.98 SE cdinsssescvcé goes 89 $5 62.8 2,87 
91) 35 65.0 1.98 Kingman................., | 87/686) 8.11 | Hope ......2.0-02+00e+00: 9% 34 66.0 38.84 
87 44 68.3) 1.60 pa.. 102; 45 70.8 1.47 | Hot Springs.............. 88 3161.4 8.36 
88 33 | 63.6 1.29 Pi ethadhbppesiancusscaces 102 47 71.2) 1.91 | Jonesboro. ities Le 
cccseleccess| 2.02 Mohawk Summit....... . 98 60 78.0 1.50 Ses cecndenunadee 92 83 63.6 2.95 
87 | 63.8 0.49 en a ree re eee 6. 79 DE cock cncceseeses 91 31 «61.2 2.15 
83 62.4 154 Po paceacpressiese aceieeden? A Ot Lewisville¢...............| % $4 | 66.6 |...... 
31 «59.0 = 1.16 Parker. 102 47 (73.4 = «0.61 Latherville.............../ 89 28 61.0 2.46 
86 67.3 0. 88 | Phoenix (Ex. Farm).. 99 44 69.8 1.85 EE a RAGS NA A ig 
38 644 0.63 ls cissretecsonns 98 60 75.1 0.65 PR ins sbeecevcncsss 88 | 32 59.6 2.80 
27 | 58.9 2.25 oo aban edabactnnacediecdssol GNan Mammoth Spring-........ 90 27 «(58.6 2.65 
essnelscees 1. 66 =e ey HOF —— | BEIUEED gu5-00c0cendeccces 90 33 63.8 2.91 
Wetumpka.......... ..... 4 66.8 0.78 Prescott 78 40 58.1 27 Di tddesahvetagessecel Ue 36 «662.2, 10.85 
4 Roosevelt ...... % 60.9 2.7 | Montrose ..............-. 95° 384 64.4¢) 2.45 
Copper Center............ | 68| —90 | 968 |......./...... St. Johns 82 27 «53.0 1.62 | Mossville................. 8&3 30 «58.6 1,70 
Chestochena woe] 62|—18/| 28.0) 1.84/ 6.0 || St. Michaols.................... 9 j...-.-| 220 Mount Nebo.............. 81 39 63.8 4.44 
IND 60 on 0 soc cece cc ddeccccelececceleccecs 1.7 17.3 || Gam Carlos. .............- 97 36 (66.5) 3.60 Ne te te etdascadntas 89 33 «(61.4 2,80 
Ps o6dneecns cecccecce 54 2 | 45.4 11.19 3.0 | San Simon 88 $1 60.2 1,01 che usnebéateSeeesebe 904 = 33° 64.0), 2.11 





























le 
Ocroper, 1907. 
Temperature. 
(Fahrenheit. ) 
Stations. : 
a 
Blgl, 
ce 
= = a 
ansas—Cont’d. ad e ° 
Pies. plait Pnachenunsheanes 92 33 | 62.6 | 
Pocahontas. .........----- 90 33 «61.0 
ee ani sud eben 86 | 25 | 58.8 
Prescott .... ~~... ee eeceees 4 32 ~y 2 | 
PrlmaesOOG ......0scceccces 91 29 4 
a viswedeneents 89 27 | 59.6 
Russellville Eh naedernibes 89 31 | 60.0 
Spielerville........---++++ 90 34 63. 4 | 
Stuttgart ............++++- 91 30 | 62.6 
Texarkana ..........--++- 85'5 41™) 64, 3* 
War>rren .....-. +--+ eeceees 94 31 | 63.6 
Wiggs ..--------eeeeeeeee 89 27 | 61.2 
<p ae 85 | 26 | 54.0 
AIGBERS 6c oc ccccccce -coce bie 
AUDEEB 200 cece cc ccccccees 86 46 65.4 
ABUBB . 00 cc cc ccccceeereces 90 43 | 63.6 
S rrr 95 55 | 73.6 
DEEP none sccscessscees 92| 40 | 63.6 
sae Walley... ccccccseces Fan viebekasncdal 
fon Bae noite ebaaesud 87 48 | 60.4 
DEED skcsevecseccovence 80f| 35*| 57.1f 
Blocksburg......-..--++++ 94 37 60. 1 
Blue Canyon ..........+-- s4 33 | 56.0 | 
Branscomb...........--++ 88 35 | 57.8 | 
Brush Creek ...........-- 88 36 | 57.4) 
Butte Valley ia erecoeulweeee 
Calemied .......ccccccees 99 54 | 73.0 
Campbell..........-.+«++- 90 38 | 59.4 | 
Campo Sap eee Pn 
Cedarville. cenanecdepetewed 82 25 | 54.2 | 
GREED . cccccccceccscccese 96 49 | 67.9 | 
SN ggehabaed 94 47 | 66.0 | 
Cloverdale. .............-. 99 41 | 62.0 | 
33a 78 42 | 61.3 | 
ee eT 91 37 | 61.0 | 
Crescent City.............; 75 43 | 56.4 
Crocker, .........2000e+0+) coses|e cece. jonwal 
Cuyamaca ............+-- 70 35 | 49.8 | 
cn ees 664066 cd eaeet 93 37 | 61.9 | 
DeBDIMS...... 2 ccccccceces 98 44 | 67.9 | 
ee 95 41 | 64.9 
Bl Cagom........ccccccccees 92 45 | 66.6 | 
PE iescaccseeseccsscce 904 45°! 66, 24) 
Elm wood 89 | 41 | 63.0) 
IED, coceccedeescesees 90 | 38 61.8 
Emigrant Gap ..........- 75 25 | 49.4 | 
Escondido..............-- 92 39 | 60.8 
Sipses cnciestsasces 96 | 44 | 63.4 
ES eee & ee 
EE es. cide ondeas 80 46 59. 4 | 
Georgetown .........-..++ 87 39 | 60.6 | 
SEN 20.6000 sncee¢00 90| 40 | 62.3) 
Greenville................ 83 28 | 54.6 
Healdsburg .........-.... 108°; 39°) 62. 6e 
Pr 105 51 | 74.3 | 
PE encwsccccsicacess 93 38 | 60.2 | 
reer 81 | 30 / 51.8 | 
Vs Fi fo 
Towa Hill.. ...........+.. 87 | 41 | 61.0 
i Sa Sey a 
Jolon..... oe eee oan 
Kennedy Gold _ Speen Gere soetd 
eae op Ree ee 
PIA. 60s 00 609s c0cabectesess shoasen< bodes ol 
King City icecemmeet Ok Se 
Es Ee Rea 74 | 30) 52.4) 
OO Serr 86 43 | 65.0 | 
is sees oh seg 95 42 | 67.2 
Lick Observatory.........| 76 37 | 54.5 
nd scesheen ¥o04 93 39 | 63.3 
it iincncesneskenesees 86 | 40) 61.8 
a oe a ans 81 35 | 57.7 
SD ch naennpaenshess 9 | 42) 57.9 | 
Lowe Observatory ........| .....|..... BG eal 
cen” ‘Gieedeuns 92; 38! 59.4 
Mammoth ...............| 107 | 55 | 75.2 
is ccnnceneesees 98 47 | 65.9 | 
Pl thdeee skénbdueaee< 88 40 | 63.0 
ee 86 40 | 65.9 
ee er eee Eee 
Se eee Se ee SRS 
te ara a de kant 8 | 63 | 73.6 
Mokelumne Hill ........ 85 43 | 62.9 | 
Mono Ranch ............. 79 37 | 55.2 
Ds ananacseceveces 86 | 23) 53.6 
tebe eben inceas s4 40 | 59.1 
Monumental ............. 84 3356.0 
ant I FRR EOE BTN 
Sageeecccesseccescees 99 44 «68.4 
Nevada -- jusnenneeeeess 92 29 | 58.6 
Newcastle . . » nepaeed 91 44 65.0 
eer 884; 414) 64. 64 
Nimshew..... ckkewe 90 34 | 60.8 
ene Bloomfield. . bhertenne 87 33. 56.2 
SE iveauanats suchen 85 | 48 60.8) 
Ojai V alley Choe Ga Ch eeseess 92 42 | 64.0 
Orland . sae Ceacdl eT) noe 
Wc ecttaebtetd ai 102! 42! 67.4! 









































Ba ae 
MONTHLY WEATHER REVIEW. 
TABLE II.—Climatological record of cooperative observera—Continued. 
Precipita- | Temperature. | Precipita- || | Temperature. 
tion. ( Fahrenheit, -_ tion. | (Fahrenheit. ) 
. | ~ | 
3 ibe a | g | 
. | — 
a. | 3 Stations. \a.|/3. | Stations. 
| oe |e] as | , 
So | eo 8 i g | 30] ©6 | g 
ee =i — | s | 3s | &e = | so = 
ena | 2 FI =] | P ese | on ;| i 
= = | = = | a — 
a 3 a $ | 8 s Les a = 
3 S ° a | 3 3 a a 
a a |a| a | & ~A |All 
! | 
Ins. Ins. California—Cont’d. e o | o | Ins. | Ins. Colorado—Cont’ d. ° ° 6 
2.57 Oroville uae). eee oreses 96 45 | 66.4) 0.44) OUNE poten av005)- ncaesdlseyeedenses 
5. 73 Ozena. : SE eee Ps ORS Ee Rey ASS OES 
2.38 ns wsunires 96 | 41 | 66.0) 0.32 oT —laaisigirpiades | 70] 17] 49.8 
2.10 (SS eee Pere eee ee ee Lake Moraine............ | 61 13 | 88.5 
1. 55 1] Plime Crest. .....-....0000- 86 53 | 64.8 | 6,92 91 27 | 57.6 
1. 26 Placerville ..........000. 82 iGO) O88 t 8 ««._—»ssB i osine seca esac. dveecl icgueles a eee 
3.7 Point Lobos ............. 77 | %54/ 61.8) 1.17 90 | 25 | 56.1 
1. 83 ED sb siclexsetocnsss 93 | 41 | 66.2) 1.48 | 75 20 | 47.0 
2. 66 eS wees 87] 40] 65.8] 1.66 | 84] 27/| 53.2 
, dees Quincy.............s0006-., 88] 27] 55.1] 1.90] 82} 28 | 51.9 
2. 34 || Redding ............++++- 94 | 47 | 66.2 2.17 77 81 | 53.5 
3.29 D Rndce.cdecccscteus 96 46 | 65.6 3. 37 | 73 20 | 56.2 
ReOGIST 2.02 ecccccccccess 90 | 40 | 64.0) 0.44 | | 74 23 | 50.4 
1,90 | BOOED on cc cccccccccsvces oe eee 0. 39 | 75 18 | 48.3 
1. 04 SN ac 506606 eecberrsees 96) 48 | 67.4| 4.51 80 | 27 | 58.0 
2.19 a 95°} 46f) 65.1f)....... | | Moraine. ....... cece. 72 24 | 44.6 
1,86 RSE scsccccceverctcoss 90 | 42) 65.4) 0.74 eC Re eee Ben ee 
3.39 tohnerville .............- 76 | 89 | 57.9) 1.60 | Pagoda. ....ccccccsscccces 76 23 | 49.2 
2.47 Sacramento. ............. 82| 44/ 61.7} 1.27 | Pagosa Springs........... 79 20 | 46,2 
1. 54 linc nents bass 35004 89 | 39/ 59.5) 1.64 | PE Ghabesneedicasacace 80 83 | 55.2 
1,81 San Bernardino .......... 97| 42/65.7| 2.75 Platte Canyon ............|....+).ccees|ecceee 
1. 60 San Miguel Island.............. Speree | one 2.89 | Power House............. 74 27 | 48.2 
1.61 Santa Barbara............ 87| 47 | 63.1 | 6.28 Te csincdnsnnei 76| 17 | 48.9 
1. 52 Santa Clara College....... 92/| 88/ 60.8) 1.16 || River Portal.............. 76*| 29) 50, 8¢ 
1. 47 | Santa Crus ..............- 88 40 | 60.0} 3.00 Rocky Ford .............- 89 21 | 54.6 
1. 55 Santa Maria.............. 85 45} 61.2) 3.57 BEB eccccccvcdccecess 71 24 | 46.0 
0. 80 Santa Monica............. 91 44 | 60.7| 1.79 DRIED. cc cccvecscccsc veces 79 22 | 49.1 
1,17 Santa Rosa.........-..... 98 | 388 | 60.4) 0.87 | San Luis...............+- 74| 12) 47.0 
2. 46 (SEES tS Ea 102 40 | 70.0 | 2.40 | Santa Clara............... 79 28 | 48,2 
1. 36 Sierra Madre ............. 88 50 | 64.8 | 3.47 | Sapinero, ..............- 68 19 | 44,2 
0,97 | Sisson. i pine wee. bes 87 34 | 56.8 | 0.77 | Sheridan Lake .......... 87 19 | 52,4 
1, 82 Stirling | ee 91 30 | 57.4 | 2.05 | Silverton...............-- 67 19 | 40,8 
1.02 ft  " eer 84 43 | 62.4) 0.54 | Stonewall ................ Foren ier Sees 
0. 58 || Storey er ree 88 | 39/ 62.4) 0.06 | Terminal Dam ..........-|...... MAS ITEM 
0.51 | Summerdale ............- 78 | 83) 53.4] 3.16 eee aaa 84 83 | 58.0 
2.08 § ER inn s5yckneneaee 68) 21) 385) 2.52) 8.0 | Victor............ceseeee 70} 29| 43.4 
2. 00 DS ED Conca ns eben 78 | 28) 52.5) 1.99 , NS Fe ee Petre 
3. 40 || Tamarack.... ........... 66 | 21 | 43,.2/) 1.57| 3.5 | Wagon WheelGap........ 72] 12/ 41.2 
2.11 rere 3] 35] 56.5)] 1.78 | Waterdale 82| 27) 51.2 
0. 45 Truckee ..............----| 68] 28] 49.8] 1.36] | Westeliffe 74| 20 | 45.6 
0.47 ! eee 88 40 | 62.9) 1.44 | Whitepine 69 20 | 39.3 
2.10 || Tustin (mear)............. ee eS Pee 1. 24 | Wray.......-.. 90 26 | 54.2 
0.78 | OREM 2. ccccccccccccccces 98 34 | 61.1 0.69 pe Mem See 
0. 02 || Upper Lake............... 91 38 | 61.8] 1.02 
2.99 | Upper Mattole. . pecleeseceleseeselanaaa 1. 43 | Bridgeport ..........----. 7 26 | 50.3 
3. 85 VRORTEEEDS 00 cv ccccccoccees 96 87 | 65.4 | 0.67 QORBOE cc ccccccccccccccess 71 19 | 45.8 
1,98 Wasco.. eS eee 96 30 | 56.7) 0.80 Colchester. ..........+.++- 70 22 | 47.0 
0. 40 |W estpoint. . eS ee EE Fae Spe | 1.14 By Cer ee eee eee 
2. 49 | West stern eer © conecl Ge | Hawleyville ............. 72 23 | 46.8 
1,92 Wheatland ............... 92 42 | 64.8) 0.75 Lake Konomoc...........{.... dels vvaechiasene 
1, 48 D WEE cpctecdkoseeicwuxes 82} 380) 53.2; 1.20 New London............. 73 80 | 51.6 
1.01 here ee 94 43 | 64.8) 0.43 | North Grosvenor Dale....| 71 19 | 46,0 
1.61 0 PS Rene ey Pee 4. 83 | ROGUE cc nccccnencccsses 72 22 | 47.2 
1.10 eee 76 | 42) 58.3] 1.88 | Southington .............. 72| 22) 47.2 
1.14 | (SAP 31 | 54.7| 1.78 | South Manchester........|......]......].....- 
1, 24 | | Oolorado. f RE ee Raae eae aes 
4. 55 MG co cabcanedencdsntesiexsesddcckeeeiceseun 0. 02 | Voluntown .............-- 72¢| 17 | 47,4¢ 
1. 60 RIE 600400508 50000 76 16 | 43.3| 1.10 1.2 | Wallingford.............. pabisescelivens 
1.22 ee 83 25 | 51.4 z. | Waterbury ............... 74 22 | 48.2 
1, 13 EE, velnndtugee<enne 68 18 | 41.6} 1.35 4.0 | West Cornwall........... 66 24 | 45.0 
2, 98 eer 89 28 | 55.0/ 0.20 | West Simsbury...........).....c[eccecslecee- 
1. 04 ee pois keeuneeates 81 34) 54.2) 0.58 | Delaware. 
2. 01 Breckenridge............. 67 16 | 40.9} 0.35) T. Delaware City ..........-|.sccscleceoecleccees 
1.98 ee i re 65 | 24) 42.3) 1.18) T. | Dover 52.8 
pores Camyon............2-000.-, 88 | 88/583) O75) | Milford 58.4 
1. 65 ET icink:s ccnncedencl costae Bit be | 214 | | Millsboro 52.0 
0. 67 Castle Rock............... 76°} 23°) 47. 6°) * 0.70 | | Newark 50. 7 
0. 70 BE ere 80 | 29/500) 0.88) T | Seaford 51.7 
1. 62 | Siepene * Wells.......... 89 | 30 | 54.3) 0.35 | District of Columbia, 
0. 81 Chromo. . ae ae 74} 18| 45.7) 1.18 | West Washington........ 81 27 | 52.4 
0.40 SE idnivnednient 8ie| 28] §2.2¢) 1.68 | Florida 
2.71 Geteendo Restagp. ike makes 75 | 28) 50.4) 0.69 | Apalachicola .... -+--| 88] 47) 69.8 
1.41 Cope .. 86 | 22) 54.2] 0,28 APORMIS 200 cccccsccccccces 94 51 | 74.0 
3. 36 Corona. er teecccecercccese 48 19 | 32.2 1,17 7.0 || APOher ... .ccccccccccccces 91 89 | 69.3 
1,55 Cripple Creek.............).....- |. coseell ‘saees 0. 70 0.2 | Avon Park 92 54 | 74.0 
0.52 achcssecnieedhacs 85 | 29 | 55.8 | 0.96 | | Micsssnqccukbeceeses 93| 46 | 73.2 
2. 25 Dunkiey fauadGheasuecdman 70; 19/449] 1.21; I. | Bonifay...... 89 | 38 | 68.2 
0. 29 Sis isin 50 ps6has ssceence's 85 | 28 | 54.5 | 0.40 Brooksville 93 47 | 73,2 
1.24 Ferrer er 79 | 18) 47.8) 0.62 | Clermont................- 92 53 | 73,9 
1, 43 SE inchidsntinne dade), sapediebeane wsseee] 1,08 4.0 | De Funiak Springs....... 90 38 | 68.5 
1. 73 PURE COMB. oc sccccccsess 82 22 | 49.9) 0.08 ER 93 47 | 73.2 
1. 20 Fort Morgan............. 82) 26/ 51.8) 0.00 | Bustis ......ccccccceccees 91 43 | 71.6 
0.94 DUE ssccascntecesseas 66 | 26/444/ 1.54) 7.0 | Federal Point............ 91) 44) 704 
5.27 ee 82 28 | 55.6) 1.83 | Fenholloway............. 90 38 | 69.3 
0. 31 GI on cncec. szevesies 74'| 17 | 47.2% 0.68 | Fernandina.............. 89 49 | 69.8 
3.60 GNI. 20 os cccsccusccciccnecsicsacne oscccel Se 5.3 || Flamingo ................ 93 62 | 78.6 
3. 30 ee 81 24 | 50.4) 0.90 | Fort,Meade 78.0 
0. 95 Re iba ig ndedeies 66 15 | 39.6 | 1,99| 17.0 | Fort Myers 74.8 
0.62 a) 0 eee stnonclvoded oleanaie | 0.06 | Gainesville 70. 4 
0.79 Grand Valley............., 84 24 | 54.6) 1.12)  ___ ee Ree ere 68. 4 
1.08 Greeley... cccscccccess 83 27 | 51.8; 0.383; T. Grasmere .........-.....- 71.5 
1,01 CRD ids. cotevsews 78 16 | 45.2) 1.87) T. | Hypoluxo..............+- 77.0 
1.14 Hahns Peak.............., 653) 163] 42,63).......| | Inverness .............++5 70.0 
0. 96 Pie cn ve ceccsvesseses 80 21 | 50.0; 0.02) | nsec ncesecnccssescee 68. 2 
1. 62 SID ook recess cncecsons 87 | 22) 51.8) 0.55) | Kissimmee 73.6 
3. 38 BED sndcccansesstsonseses 91; 25) 58.4) 0.64) Lake City................ 68. 2 
0.83 | Rs enankeus dxcsves 88 25/638) T. | fo Spepepreaeqege Divat Bag bee 
1. 83 | ' Idaho Springs............ 73! 2! 47.9! 0,77! |g eh ae 68.4 














487 


Precipita- 
tion. 


| Total depth of 
| snow. 
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TaBLE II.—Climatological record of cooperative observere—Continued. 








Temperature. Precipita- Tem rature. Precipita- Temperature. Precipita- 
(Fahrenheit. ) tion. { ( Falrenhel vit. ) tion. (Fahrenheit. ) ion. 
ss ee 
2 6° nk 3 (5 
© a ry 7) 
Stations. a. |. Stations. 2 S . Stations. = S 
: ® z =k ° s al ; & =s 
3 2] 3123 | ] te se | Z ze ee 
a : FI 2 7. : Fe m = Fy a Fy : 5 ; a 8 a 
| Bligigis iz wiaig@is iz yb eBtbsis 3 
= > = = 3 ° ed R=} 2s 3 > 
| a 2 2 3 = = a | a = a = a |e = 
’ 

Florida—Cont’d ° S | Ins. Ins Tdaho—Cont'd. ° ° ° Ins. Ins. Ilinois—Cont'd. 4 “ ‘ Ins. = Ins 
Malabar... ......-«+++++++| 95 56 | 75.5 3.39 | Cambridge ..........-.. 87 28 | 55.4} 1.22 ED cavtatcabest us 82 27 | 54.4) 2.70 
Manatee. ........-----005 3 53 | 74.2) 1.55 Chesterfield ............. 77 17 | 47.6) 1.47 BUD cccocnccséecessescces 82 25 | 53.8 | 1.95 
Marianpa ests Ee 38 | 67.8 1.07 Coeur d ’Alene.......... i Se See Me ili kok okie whe | 88 28 | 52.3) 2.79 
Merritts iauoa... nt 57 74.6 1.84 ee Rn — $3 | 55.2) 0.84 Philo. eneine niet’ oi 85 23 | 51.2) 218 
Miami ........-00eeeeees! 984) 61 | 77.2% 2.77 ee ear TT 70 20 | 45.0) 0.84 TE acnedhnedes tees 84 29 53.0 0.61 
BRGEEND cccoccccsvceseccccel o4 32 | 67.0 1.00 a 83 33 | 57.0| 1.32 SS Mae See dhancect Quan kh 
Monticello. . ecoceseelh ae 42 | 68.0 0.16 PEROES.. .ccccccocsvecvers 82 28 (56.7) 0.67 Si Dascevasevsanccicsses] 28 | «57.8 2.68 
Mount Pleasant . so - 38 | 68.0 1.11 PO sc ceseet abide iadeibaa a 73 16 44.0) 0.61 4 5 | =e t se 81 26 48.8 0.50 
New Smyrna. ........-+- 93 51 71.6) 1.47 GOPREEE, .000.ccccce -cccees 85 33 | 59.1 | 1,02 Oe rere 80 28 | 55.0) 3.17 

sa bteseccdouccecneee | 98) 44/ 71.1) 256 GRGD. cccccccccedecascece 85 27 «53.4 ) 1.69 DE icncee cassecaess 79 25 | 48.2) 0.82 
Orange City.......-.++++- 97; 45/723) 012 Hot Springs.............. 80 | 383 56.6) 0.97 eee 84. «22 «55.0 |) 0.84 
Orlando ..... .-..seceeeces| 91; 49/ 72.4 1.91 Idaho Falls eeecccces 80, 26 51.4 0. 68 Si CED Sands ccteceene i 82 23 | 49.1 1. 53 
Panasoffkee 4370.8) 1,14 Kellogg..........-- ebne 82 23 «51.4, 0.56 3 es 85«| 27) 55.4%) 1.96 
Plant City ..........+-++- | 92 47 | 72.3 0.21 ere 70 24 | 47.2) 1.50  dacdamienckee's 87 22 50.6) 0.51 

WElls co cccecsaccceces | 91% 404 72.44 0.60 re ee 66!| 35 48.8 0.90 SNE. neccctccesusseres 83 26 «54.2 1.90 
A BREOR 0000 ccc cccceehececes | $9 A. ee Landore. . 74 25  50.0| 2.79 PL ovccnninnesaiee- 82 25 48.0 1.26 
ry Augustine ..........-- 90} 46/702) 2.19 Lardo .......ccceeeeeeees 77 21 | 47.2) 1.60 ME Sweescesesdevecses sd 27 56.6) 3.01 

geceseccccccccecess 92 49 | 72.0 0.30 Lost River ..........---- 74 24 48.6 0.28 PD cnncctteheuceses 83 21 50.6) 0.66 
Switeeriand. 89 44 69.6} 1.57 Meadows... ....020-0005: 81 22 | 50.2) 1.42 CT cocci cethaceiens 86 24 53.8 | 1.82 
sepenecoce gece of 87 43 | 67.8 1,20 Milner . 76 306 («453.6 0. 94 cnc sncecncenecese 89 28 «51.4 1. 51 
Tarpon Springs ........-- 91) 46 | 71.6) 0.73 Moscow ... 2.22 ++ 0+ ++0e0e: 80 $2 | 55.7) 0.78 WOOD wvevsascevesseens 81 26 | 54.8 |) 4.08 
Pesccecccccceccess |} 92 87 | 68.1 0.00 Mountain Home ....... 86 22 | 55.2| 1.02 EE Secconccbekesdace 83} 22 51.6) 0.51 
Georgia. ROBESON ccccccccccccescess| FS 25 | 47.8) 0.77 Warsaw RE: EE ee 0. 60 
Adairsville. .........++--- |} 808) 34!) 60.1% 1.55 Murtaugh ............-- . 80¢) 294 521°) 0.65 Windsor ..... aban ates 85 22 | 53.3] 1.30 
AIDOBT sc oc cc cccsscccccess | 90) 38 /65.6 819 DRED PEMMO. 06.06.00 ence che ccecsivccees --| 1.40 Winnebago...........-.. 82 22 48.4) 0.71 
Allapaha.......---+-.++--| OL] 87 | 66.2) 1.45 Oakley ......-... ocoveceel =O 28 55.6) 1.25 Yorkville ............. . 83 25 48.4 «(1,07 
Americus,.........+.-++- | 85) 38/622) O44 CIE sccccactcecescess 92 $1 | 56.5; 1.22 arias sr chaskiensecs 79 20 48.6) 1.06 
Athens. .........seeeeees> | 79) 385 /| 59.6) 0.26 PU acces ckccceseuss ..--| 85™) 27") 50.8" 1.24 Indiana. 
Bainbridge .........-+++-- | 92) 86) 67.0) 208 Payette 88 30 | 56.0) 0.91 Anderson .............-. 82 26 51.0 1.89 
Blakely .........0.s-e0e0 |} 9 | 86/658 1.51 Pollock 81 81 55.4) 0.94 See eee a 2 | 44.4) 2.61 
Brunswick ...........----| % 38 | 68.4 0.61 Poplar, 00.000. 2- ccccc coves]. coees sane 0. 20 eee -. pinceecnadees §2 29 | 57.4 4.80 
Cnmale. .ccccsccescceeces | 87 31 | 62.4 0.40 Pastel ... 2. cccccccccees 69 30 | 48.2/) 081 Bluffton . ae 83 24 | 49.0 2.17 
ARETE TEE AE HSE oy Roosevelt €..........+-- 67 i GD he<ce « Butlerville . ine aie 84 2453.0) 3.87 
Clayton .......-.6.seeeees 78 30 | 55.2)| 1.7% BEES occsccccocesccccsss 81 30 54.1) 0.88 Cambridge City . sb<04ee- “4 23 | 48.4) 2.89 
Columbus ............----| 88°) 39¢| 66.2) 050 St. Maries...............- 85 30 «453.3! 0.71 GED 0 vc cosess cosens s4 24 | 52.1 3. 42 
Covington .........60055- 87s| 33 59.5¢ 0.27 SD x caceen cncesves 0000 clesceseioesec aa 0. 92 Connersville ........... 82 23 | 49.6) 3,42 
Dahlonega... .........--- 79 80 | 57.1 1, 02 NS ee ‘ 72 22 46.6) 0.80 SED aéeccces sd diate 86 23 48.8) 1.31 
PEE ccccteccsece cece 76; 31) 56.1 1. 61 ON ee Leer ee ~_ 1. 61 0.5 CO Eee 82 29 48.6 > 253 
Dublin . no snes cede cel cbees Dvcseccloosecol GOD Sugar City ........... 75 24 .2) 1.31 Eminence ...............-| 8 25|/ 524, 438 
. Dudley... cccccccscon, 8D 35 | 64.6 0.58 Twin Falis............... 81 31 | 53.4) 1.19 Farmersburg...........- Sik} B2) 56.8!)....... 
Baste ........ 062-004 92 38 | 66.4 0.06 EE ncansttdedinastews 78 27 | 50.4 | 0.75 EE <csig¢ecennaess 80 25 | 49.6 2.73 
Eatonton........-...+«- | 87 32 | 62.4 0.43 West Lake ......... ae RS) Pe ey Fort Wayne. ...........-. &3 25 | 50.0/| 1.77 
BBSTOOR cc cece ccccccccces &3 3263.8 0.51 WetROMs 65 00 secs acepan 80° a0f 61.2" 1.36 0 Serre 86 23° 62.2 | 4,07 
Experiment.............- 82 34 61.8 0.04 lilinois. Greenfield .............. S4 26 | 52.2) 2.57 
Fitzgerald..............-.| 91 39 64.6 0.48 Albion ........-.++- .| 82 28 | 55.2) 2.21 Greensburg .............-| 84") 30 | 53.2) 3.44, T 
Fleming ........-...05+> 93 | 34 /| 642) 0,29 7 aaa 82 20 | 51.1) 0.62 suds peccoccessnes 87 28 | 56.4) 3.89 
Forsyth ...... Sie ensene 85 35 65.0 0.32 Alexander ............... 84 23 54.0) 1.55 Huntington .............. 82 25 | 49.7 1.85 
Fort Gaines .............. M4 39 | 63.2) 1.25 PE insnescecese sessss 82 24 49.2) 1.05 Jeffersonville............. 87 28 | 55.1 | 3.08 
Gainesville ............++- 80 35 56.8 0.36 BE cedenccccccsccess 83 19 51.2) O51 T. 7 eee 83 23 61.0) 1.65 
Gillsville.... ... peesess 81) 34 | 59.9) 0.66 Aurora 79 25 | 48.3) 1.48 T eee 77 23 | 49.4 1.87 | T. 
Glenville .......6.-. e000 87 39 | 64.4 0.79 ht tinensehi oe ches < ee i ncnsccnsvtennaes 85 % | 49.4) 242) T 
Greenbush cceseee, 33 58.0 1.79 Bloomington ............. 87 53.0 1.33 La Fayette.............. 85 2750.0 1.74 
Greensboro............... 86 30 | 60.8 | 0.13 Bushnel 86 2253.8) 0.45 re 82 25 48.2 1.909) T 
EEE cc cccccccceccescecs 4 35 | 62.6 0.33 Cambridge ............... s4 21 51.2) 0.58 DS inhs meetberd boeene 80 25 46.3 2.80 
arrison. . ......-. 6.6005 87; 3 62.4 1.35 Carlinville 83 23 | 54.6) 1.52 Logansport 8Y 26 50.2) 1.70 
Hawkinsville.. .--| 94] 32) 62.0) 0.60 Carlyle EI SPE Se PAT eee 8 | 27/543) 3.48 
Oe Tre 89 | 38 | 65.4) 0.23 Carrollton............... 86 24 | 55.2) 3.75 Marengo . 85 26/542) 3.34) T 
DD ped ccnseces eceeseé | 86 80 | 61.4 0. 50 Charleston ............... 83 27 «53.3 2.19 DEED beweccecceccocsens S4 23 | 49.8 2. 35 T 
Lost Mountain ........... | 81) 382) 61.4) 1.70 SE 6Gbescecncdesenns 88 31 59.5) 2.96 Se 82 23 | 49.2 | 1.75 
Louisville ................| & 35 | 63.4) 1.15 Ge iddckescecseseseesecs) = 27 | 57.2) 232 rr re 85 2251.1 | 3.52 I 
Lampkin, .........-.-.++: 87 | 34) 64.4) 1.40 Coatsburg secesee| 84] 23/584] 1.25 Moores Hill.............. 84) 26/524) 3.01 
Marshallville............. | 88 | 32) 63.6) 0,85 tis shencdeveokess 87 29 58.2) 4.22 Mount Vernon ........... 88 29 56.4) 3.38 
oeer cteedips shebzenns 92; 39) 67.2) 1.32 Colchester................ 85 | 22) 52.9)| 0.57 Northfield......... pee 83 19 | 48.8 | 2.55 
Milledgeville............. 88; 31/628) 0.55 | es 85 25 | 53.0) 1.01 ET Nekedikinhss ‘esknes 85 23 4.8) 2.66 
SRbeGen< coceccsecesces 4 32 | 63.8 1.08 cc cegesseasts. ove 81 20 | 47.4) 1.7 Plymouth ........... 79 24 | 47.9) 1.382 
Montezuma ay Sa Pry 0.90 PM Ridenceeccovsescesss 87 27 | 51.2) 0.45 es ; 82; 28 | 54.8) 2.35 
Monticello ............... 85 34 62.8 0.23 Equality 86 30 | 57.1 | 3.88 Rensselaer®.......... or 25 | 51.2 |.... .. 
Morgan ........--.ss00- 87 38 | 65.3 1.46 Flora.. 81 2 | 54.3| 1.89 Richmond...... Sates 83 23 | 49.8 | 3.29 
Newnan ............0+05- 85 34 | 62.2) 0.76 Friendgrove rete 29 | 54.7) 2.46 ee ere 72 27 | 49.3) 1.60 
Oakdale ......... 0. 6seeees|eveees sseose] 0.72 i avticcsceesesscsesess 83 21° 50.2 | 0.65 Rockville .......... 81 27 | 52.2| 3.87 
Point Peter .............. 82 29 | 59.6) 0.64 Grafton Se ee ee Sey 89 28 | 57.2| 2.99 
Paste coveceeueeteses 36 64.8 1,14 GE iccecdesees cs0e< 82 27 | 55.4; 228 See 83 23 | 49.4) 1.88 
A denedeses eeséess 88¢| 35°) 63.7° 1.26 Griggsville ............... 84 2 | 54.8) 1.70 Salem . siseeiiia talk eat Dadeinid 85 23 | &2.6| 3.38) T. 
Quitman 87 39 | 65.1 | 0.31 a aeRO: 86 22 54.8) 0.59 Shelbyville.............. 86 24/| 51.8) 411/ T 

DF cccccccctesccocces 82; 33) 6.2 1. 60 DE dcadcesctveccecese 82 22 | 51.6 | 0.80 South Bend .............. 83 27 | 48.4 2. 43 
BINED cccceccocecscocccces 4 $2 60.4 1,12 Hillsboro.......... 82 26 (55.4) 3.90 Terre Haute ............. 83 31 | 55.4) 2.32 
St. George... ............ 85 50 | 68.2 0.48 Hoopeston ...............| 8! 28 | 51.6) 0.94 Veedersburg ....... ..| & 24 | 53.2) 1.50 
St. Marys.................| 9% 41 | 67.5 1.78 Stine ch indan dale 80 29 49.9) 0.66) 1 We cnenedscesceasees 83 28 | 54.5 4.50 
Soreven .......-.0--eeeees 89 % 65.5 0.10 Kishwaukee ............. 2 23 49.4) 0.74 Vincennes. ............... 86 29 | 54.4) 2.90 
Statesboro 85 87 | 63.2) 1.59 SE cccnndascescssalrensesl abacsl weaned , Shae Washington ............. 83 27° 538.3 | 2.45 
Talbotton ............... 87 34 | 60.8 0,89 La Grange...............- Bie; 29¢ 49.8*| 1.05 Worthington ............ 83 26 54.2) 3.87 
Tallapoosa. . 4 36 | 61.8) 0.71 La Harpe.... 87 20 52.4 |. 0.30 BOND 2 0000+ vcsccseees ; 74f| 238 50.58). 

epacncceccercsonces 79 | 29) 57.2) 1.03 NS eT or 83 17 | 47.5 1.42 Indian Territory 

Valdosta .... 1.6... cc ccnes 98; 48/ 71.4) 0,30 Se s4 26 | 53.7 | 1.28 Bint seccestossucsees 90 o7 | 63.2 | 3.63 
WED vecccccesececcscees 90, 37) 64.8 0.21 SaaS a ae a 1. 48 NN EES 95 39 64.0 5.04 
Washington .............. 85 82 61.6 0.10 McLeansboro.............| 81 29 | 55.8) 1.96 GUD tid cc00ces caccvee |r ses ee MER 
Way Cross ..... 2. ...0005- 92 86 | 67.8 0,25 || Martineville..............| 85 25 53.5 )| 2.65 CRESRAGRS. .....2 000000 cee. 93 36 | 63.4 5.17 
Waynesboro.............. 85 30; 62.0) 1.10 eccsedsepenssst * Se 27 | 51.1) 0.65 ckhwencquautesene ¢ 95 39 | 63.5 | 10.96 
West Point............... a4 35 | 60.8 1,42 Mascoutah. . nee S4 27 «55.0; 2.82 BED cbnacncesdceccce git 28f| 62. 6f)...... 
WET cceccccncercces 86 | 30/| 6.0 0.69 Minonk ..... 82 26 | 51.7] 0.44 Fort Gibson.............. ae Te Cee 3. 09 

Idaho. Monmouth ............... 8&3 21 52.4 0.7 eee 93 34 («61.6 3. 05 
BRETT sv 060s once sdcccecces 82; 26 51.6 rc 0 81 21 | 50.4| 1.44 Holdenville . . 87 35 | 61.2 | 3.50 
American Falls ..........| 81 28 51.6 0,89 Morrisonville ........... 83 23 53.4/ 1.62 eer 92 38 63.1 «4.76 
Blackfoot... .............. 77| 2%) 50.8) 0.47 Mount Carmel. ...........) «+++ +|sseses|- see: 2. 02 Bf BERSIOW oocnccccccccccsess 89 39 61.9 | 6.7! 
Bonners Ferry.......... 73 80/|50.6) 0.81 Mount Vernon .......... s4 28 | 56.1 | 3.49 Muskogee ...............- 93 32 | 62.0; 2.7 
SEE 6 e@eeessepecsece cece 80 M4 (66 0. 84 New Burnside ........... 86 3 56.2 3.10 Gauselioe eS66ececcece 89 80 «61.8 2. 41 
BA, « on 00 cv cece mercoosl 28 | 48.2) 0.77; T Olney .. sebasaes deine 82 2 | 55.1/| 2.43 Pauls alley pduedhesttess ») 33° 61.8, 4.448 
SEE chinetescdetesdees ' sg! 23! 55.8! 0.42 are aN wee a3 28 | 61.0! 1.00! " Ravia . vececcceceeele 93! 421642! 3.88 
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TABLE II.—Climatological record of cooperative observers—Continued. 




















Temperature. Precipita- Temperature, Precipita- | | ‘Temperature. | i 
(Fahrenheit. ) tion. | (Fahrenheit. ) tion. (Fahrenheit. ~—_— | 
bn - } | rr 
¥ 1° x |s | iz |% { 
a | (_—= j 
Stations. . =&as a6 Stations. ao | @.. Stations. 18,12 | 
eg ¢ |3e | @o gig of | $e : ; e os | 
= Sea icsa = 3 Sa ie6a a |  @o 1/16 j | 
efé "eT be ” E , | 8 / "8 5 a5 | 76 
r = | = a 7 5 r] a “= & | ; - tf 
gigizia iz 2 2/3/13 |3 Gieigia {2 
| -. = - a a a ~ = a = a | | 
Indian Territory—Cont’d.| ° ° ° Ins. | Ins Towa—Cont’d. ° ° Ins. | Ins nsas— , ° ° | | | 
South McAlester . - 92 35 | 64.4 2.30 Pn desnecncsenas 76 20 48.0) 2.96 —~- — 85 97 ink | Ins. | Ins }} 
Tulsa ........ eseeeess| 90) 34/609) 5,27 Ridgeway ................ 81 20 49.6 | 1.12 Detbitensssdctvecions 85 | 34 58, | $@ 
Vinita... oy Serr 93 SF} GB.6 lb cccces x... , ae 80 20 46.3) 1,00 SE ie as nina coudabs 84 29 4 | $= } 
Wa oner . stab Neewes 4 S4 29 | 61.2 2. 32 eat ikn boddeneicus 78 24. «518)] 2.10 a ee ae 90 8 —. 2. 59 
Webbers Falls............ 88 27 61.0 1,97 a a eaten a ...| 295 CE 86 = ] 8) 5.98 | 
Towa. _ ee 81 23 53.6) 1.29 Sas ach dinate «s 86 29 5 4) 3.06 | } 
SEBS 2p 76 -  OSL.4| 1.99 TR acenccéscos coos 83} 19 49.9! 1.87 ed cet ath et ke o| wlmws ee 
Albia. .......-..000000e ees 81 19 50.1) 1.61 i, 80 20 46.3) 0.96 a Sakae 88 20 56.8 | 1.48 | 
Algona............+.+.++- 76 19 | 48.3 0.92 ee 81 19 51.7 1, 08 SII os hc 0, 93 98 ~ : é 18 | i 
BERIAID 60.000 cccccccccss 81 18 | 52.6) 1.26 Sioux Center....... ..... | 7 20 48.0! 0.82 Ee RMONE . ot 58.9 | 7.80 | H 
aids sescénehenaawe 80, 22/ 48.4) 1.19 Stockport ........... ...-| 80| 17/518] 1,92 Valley ama ol os 58. 2°) 1. 62 | 
Bb wnesiccvcesseccsees 79, 16 50.0| 0.93 Storm Lake...............| 79| 24 50.6! 1.90 Wakeeney................ | wlore| 2a! 
SE ibinactenbesdies 77; 19/49.8| 1.31 BS RaneRIga ts RG AWS pres 1. 26 Wakeeney (near)......... : end 
BR kidniapinimaiiinns 81 15 49.8! 3.04 MIN i555 55 doitanatencs 78 17 52.8) 1.09 Wallace oT a7 eo | 1.05 | : 
EE hiianaddvbesidens 79 11 | 49.2| 1.77 eas sic taas dates 80/ 25 51.6! 0.30 Seis. cnkce oe. s7| lwo) &3 | H 
Audubon. 78) 10 | 49.0) 0.89 , | _ Speeegeiees 79, 16 49.8) 220 Winfield wesceceeel S| aplmeal cual l) 
RT ic tdiduliaenkians 81| 15 | 50.6) 3.52  nidnnancac aes 78| 28 51.5| 1.26 Yates Center............ al sims) £8! { 
ive sntannse sass 78| 14 | 62.3) 2.72 Washington.............. ei Sines). if: 3 7) 08.6) 618) | 
Belle Plaine.............. 80 17 | 49.8) 3 18 . | ee 82 20 50.6 1.54 entucky | 
Bloomfield 84 20/53.1) 1,22 | ee 77. «20 «451.4! 1.94 Alpha so! 30/687 } 
Bonaparte 82 18 | 52.4 0.81 .. SNARES 78 18 48.7) 0.67 Anchorage | SSRN IIIES svt oat - 5 - = 
Siashdicn anne sosseas 81) 25 | 50.0| 3.71 Webster City. Ss ee ee 78 14. 49.6 | 1.26 Bardstown ............... 88 | 24 - | 3% 
| Se 78 16 | 47.6 0.90 West Bend. paceenns 76 18 47.8) 1.55 Beattyville............... 86 31 a 2.84 
ESE Bee Tis eee 2. 26 Wiss kakesncnns 76 17 49.8 | 1.48) T. Beaver Dam.............. 82 25 ' 2 44 
Burlington ..... ssanneen 84 22/626 0.64 Wilton Junction .........| 78 20 50.4| 0.87 De iensnhediusindins | sims! ca 
Carroll . teseeereeees) 79 16 | 481 2.32 be ee, ee 75 23 | 52.0| 1.62 Ris dniaincd tai« 89 31 os. 3) 1.99 
Cedar Rapids...... 2.20... 80/ 21/ 48.8) 2.08 Zearing........... veeeee] 80} 15 | 40.4] 1.68 Bowling Green ........... | siat| 2% 
CE han cevcaseenwese 81 18 | 62.3] 1.27 ‘ansas ne os S 58.7) 3. 46 
Clarinda ................ 83 | 16 /51.6) 2.48 i isgenksesexestecrl ssinelssainndainds 2. 64 | ae ie a aga nants s7| gslere| 23 
Clear Lake .............. 72) 25 | 49.2) 1.27 Anthony..................| 924 854 62.84 4.53 —.. s7| selowa| &3 
Clinton .. esccee| 79 21/494 1.59 CD ssawevinnecsecess 92 3L 57.8 | 2.63 | Catlettsburg.............. 89 26 mas tal 
Columbus Junction ... -. 81-22) 51.8) 1.16 Atchison........... | 86] 26 87.0] 208 Earlington ............... | silat) 22) 
ss os cies eveees 76) 14/50.9| 2.33 NE eid cicachain 26% 87| 27 | 56.7| 3.90 | Edmonton................ 86 | 24 os 4 
Corydom................ 81 19 | 53.6) 1.18 Burlington. ..............| 90) 25 58.7/| 3.99 Bubaek..................| 66] Sianel eal 
Creston .......---++-++--- 76 17 | 49.6 | 2.47 eae 89 26 «456.8, 3.41 Falmouth .............. wel oa 
Cumberland... .. ‘Wssesnalecisash sannss! Se Sts csice avkesesanal 0 30 58.4) 1.96 Frankfort............... 87| 26 54.2 4 
Decorah ....... 02.00.0000 75 18 | 47.6 0.96 Clay Center.............. 90 25 57.0| 2.33 PUA ihiiws toktvo sane 89| 28 51| 20s | 
Delaware................. 74 19; 47.4) 1.67 NESE ate 84 31 | 55.6 | 1.17 Greensburg . eapoedaenmip 93 | 2 52 1) 200) 
Denison . 82 14 50.6 0.82 Coldwater................| 89| 36 588| 2.89 Hop kinsvi cece ausbin | slarel cal 
DOBOED. 2.0220 00ccces sees 79) 15) 51.5| 1.89 oo ciciins abn 88| 29 58.6) 5.27 a... os| glace! 2S 
—.................| al mlasl ke Coolidge oo S) 2 Bei Se Lrvingion .....+.+.+++0-+. 86 | 28 56.0 4 
Earlham . tote ee eens 82 16 50.4) 1.62 Cotton w wood Falls. id ceeds 89 27 «57.1 5.69  ailabagh i nennehag eee 90 22 > 4) 3.40 
Elkader ...... a eeesveveces S4 15 | 48.2 | 0.93 Cunningham............. 92 34° 60,2° 5.62 is dc ata 90 29 57 o| S00) 
Elliott...................-, 76) 15 | 50.6| 1.34 ee eantapdeaanaae 89¢, 30 56.1°| 1.12 SS re s| simsico 
Elma......... cccecrecces| 75 14 46.6) 0.89) T sic e gb aeav witches 88 31 57.8 | 6.31 Maysville See daadaedlitied 88 26 oel fe 
a ssaseeees reese) 77] 181 47.2] 2.40 Ellinwood................ 90| 34 57.8| 218 | Mount Sterling .......... a] gieel ea 
Fayette....... ........... 79 13 | 47.2 | 1.68 Elisworth ...... pasvesesns 88 29 «56.4 1.48 Owensboro............... 85 | 30 6. ola 4 | 
Forest City................ 82  22/ 47.6) 1.00 Emporia ............... --| 90) 28 57.4/ 7.00 IN iss Kbiuhaese cand oe .setheel fe 
Fort Dodge... ............ 82) 19 | 48.8| 2.16 Enterprise ...............| 89| 27) 581)| 2.47 Ns cde saciass | sisee 8. 45 | 
a tteeeereeeesleceees ihe aeeede 0, 32 Eskridge............ | 86) 81) 56.5) 281 Richmond................ 84| 27 ot r ~ 
oes sesceres cos clencseoiccegectesgesel Sie ERPORB. . occ. csscceccceeeslocccsclesssse| sovce] BOT : seaeiba tenes 53. * oo 
Grand Meadow... +) 35) 21) 47.8) 1.15 Fall River................. 90| 27 584)| 4.84 | Soot Si sdibabnba tect 85 4 acl So | 
Greene... ....-........-...| 77) 18 | 49.4| 0.76 Farnsworth .............. 89/ 29 56.8| 0.58 Shelby Gity “aaa phte ty 67| Soleasl wml 
Greenfield................ 77 21 | 51.5) 2.13 ae 88°} 24 57.7) 4.31 | Shelbyville............... 84 24 52 1,84 
Grinnell BOSSES sr Coccerce gs 81 18 52.0 2.73 . a eaGeae 89 20 «56.0 2.10 | Taylorsville Tea ageeiggeass: 86 25 r 4 3.15 | 1. 
Grundy Center............ 81) 19 | 49,.6| 1.46 Predeuia............... | 90¢] 29° 58.24) 5.34 || West Liberty... 222.7277. | slsnol. 
Guthrie Center............ 80) 15 | 51.4 | 1.39 Garden City ......... ... 88 28 | 57.4) 1.45 || Williemstovn....... os | an | cel aan] 
Hampton................. 85-21 | 50.0 | 0.83 Garnett ..................| 87| 24 | 57.6] 453 ilies a eqn oak $8.8) 3.65) 
Hanoock ..............0.. 77 18 | 52.0| 0.77 INE 5 twice ideewes:s 90 | 29 55.8/ 0.91) T. Louisiana 
| ee 81 13 | 50.2) 2.64 Se 6asvinseunes viens 79 31 (55.4) «1.57 | Abbeville : 90 41 69.8) 7 
RP 78 16 | 49.5) 1.12 es 83 457.8) 1.90 || Alexandria .............. 4 38 | 68, 4 
Independence ............| 79 16 | 49.1 | 1.92 SU ieescas<esavacess 87| 31 57.8| 5.01 FP  ycomtinpapesaqennss o| wleel ce 
Indianola ................ 77| 22/520) 1.10 | Hanover ................. 89| 2% 56.2) 3.51 || Baton Rouge............. | mierslite 
Inwood. . Tee eee ene erasens 81 15 | 49.3 0.64 Dis nn: ctdbhiundedoce 84 26 6 «54,2 1, 98 | RE Te 89 38 68, ‘ 7.60 
Iowa City .......... feces 84 19 | 50.0) 0.86 DL tibsess ebuieencye 88 31 56.2 1.40 CRIES. cabniseac- dane 88 | 44 72 ra 
Towa Falls ...............| 78 | 16| 47.6| 0.65 Hill City. 91 | 30 56.6) 0.47 Cheneyville..... 2.02.2... 91 | 36 664) 2.70 
pie cienisinenanns 82 17/518! 1.44 SE aantnscibecedoa s 83 | 27 56.3) 3.03 { —— Spasiepenepapegaceg: | 38/678| 153 
Keosaugua............... 8 17/504) 1.03 NE tees: an cnesce, 89 30 57.7) 3.64 Collinston... 22.00.0000... 90 | 37/650 | 1.55 
Knoxvill 80) 20/526) 1.73 Hoxie... 202200202, 88 30 55.4) 0.97 || Covington................ 93| so\ee¢| 1% 
ee eee eee eee eee 3.10 EE Ribak dn td odasws icwchualaneeees dee 1,58 i] el , 42 70 ¢- 
Larrabee Aeiosibabiataieed 80, 16 | 48.8 |) 1.27) Hutchinson .............. 91, 32 58.0) 3.98 |) ~aaampgnatepesas 92 | 2 70.2 8.46 
Le Claire... ph Biers tei 0.69 {ndependence............ 89| 32 60.0) 4.59 | | Franklin ................ 9) 43 70.6! 7.4 
Cnty wes ta denaeiend 76 20 | 50.0) 0.59 SEINE cn ntessescecess 92 31 | 58.2| 2.51 || Grand Cane............. 92/ 36) 66.0 t 
Lenox. ... 77) «19 / 52.6| 2.11 Sites oninetsdusan 86| 2 54.2) 241 || Grand Coteau -.22..2...:) 93) 40 70:8 6. 08 
he Matcueibcaakens 79/ 21/520) 1.79 La Crosse.................| 88| 81 | 67.5] 1.56 | Houma SEINE] go] doleae| ais 
Little Beers 8 8620 | 58.0) O81 iy xe ivekudassus Bare 0. 66 § - ~onpeapapenngroen: 89| 40 | 69.0 3.12 
Wogan ioe, 80 10/ 51.5 1.18 Din bow. acceeosacss 90 | 31 57.0) 3.31 i. —  “~phpepageneences: | mleel cn 
MNS « csuincdnuna che c@agelcgake Uecaaacl | RE 81° 32. 55. 8>| 0,97 | Lake Charies............ 94 4 - 9.11 
Marshalltown seevevences 82-18 | 48.4) 2.19 Ds cctewecesenses sie 86, 28 57.1) 4.79 E  tasenetepaieareeas 90 4 3.5) 88 | 
ee City . ween Oe 18 | 48.4) 0.85 RD tii b6 os knevivecwn'e é 90 32 58.2) 1.92 Lawrence Ee diateua nena 90 50 72.0 L 83 
asseua..................| 85 10°) 58.2e) 1.15 Macksville ............... 9 38 57.2) 266 || Libertyhill............... 94| 35 66.2) 3.7 
Mount Ayr............. 82/ 25/535| 2.83 McPherson............... 91> 31 58.24) 5.16 | 7 cpenegestenpepeese 9%) § timed 
Mount Pleasant .......... 81 21 51.8) L19 aE ee 90 24 | 57.6 | 3.83 | > hiaippeeepepipenete 97 | slasl co 
Marvay Mihindihcasigadees 80 22) 52.5/| 1.70 Manhattan..... | 92) 24/554) 271 = alana es ibis iy 98 - os > s | 
Muscatine. 2 020200000.000)... oe Ped eee Manhattan Agr. Coliege..| 89 23 55.8) 2.63 Newellton................ 92/ 34/654] 245 
New Hampton. .. vaekeed = - s a = Moran nn buntiseeb<sney 89 30 55.7 | 1.52 New Iberia.......... ae 87 | 42 69.6 Hy 80 
ide soceudteeuewe 7 ei & SE Mabesiusedeusiecesse« 29 59. 5. 02 eg getaceet : ee 
Northwood............... 76 19 | 47.6| 1.78 Mount Hope . cura: Mid Wee! Ai BO mag —wohth ae sonswousnrd Si mies ce 
} ~ ag Shab bdecdecducet 83 19 | 51.4/ 1.91 INN Beith dents conkeseners gy 31 57.9! 5.24 yne cen eereees 94 4 6.8) 3 33 
MReassdescreccctisvenees 82, 18 | 48.8/ 1.02 BNO ioiiiic ce inades ovens 88 | 25 54.8 0.12 BD TRINNY Suinsucaceéaedcecs 94 ys 4 R- 
DDUTaKine dadoscianss 83 2454.1) 0.99 I iin witty anlan Gita 90 36 60.2) 4,88 fo ieee tye 93 x 8 2. 55 
Oeage..... cece, 80, 16/ 49.0) 1.00 he cctkadachilies Rae etl Kaas 0. 45 es eter eres sees 9/656) 1.68 
Sint sstcaniseteas 78) 15 | 51.8) 1.07 ) 290° “S770! @ 92 | 36 | 66.9 3.00 
Ot . ‘ le 82 29 57.0 3. 10 St. Francisville 91 | 41 | 68.2 | 2 
Eee etate 84 «21 53.0) 1.14 Osage City ....... .......| 884 244 56.94 2.86 po boo -eeybeneberee oe 2) 0.25 
Pacific Junction....... |. 79 16 : ‘ . NE chase sca cadcces 95 | 39) 70.4| 8.42 
4 = =. ne ——_ Pekwes Eekideeesetes 89 29 «59.6 3.90 | Southern University ..... | 2.26 
et eeeecereeeeeeneeees 52. 97 MB esascccrtnescesssnel OO) Selene as i eae laa nl of ae t 
Perry. ORO ee Daten: 7 | 18/505) 331 el ebialdalacciaaetagaa 8 | 2 86.6) 4 31 eee $9 9 68.3 2 00 
OVEF............0.......6 76! 121462! a80! Plainville. ............... 79° $2'86.4e 0.11 Tallulah.........2.....7.! 96! Saleen! gan! 



































j em perature. 
(Pabpenbelt}) 
| 
Stations. Lo 
: . 
a 
| Big 
¥iai% 
a || 3 
Maine ° ° | ° 
Bar Harbor............... 68 21. 44.8 
QeGMEE 6 cccc cccccsccccces 7 19 43.6 
PE cacceedeccvetese rape we Sees 
Debsconeag 68 | 19 | 42.8 
Fairfield 65 17 | 43.1 
Farmington ............- 72 15 | 42.6 
Gardiner ..........+++++: 70; 18) 45.6 
ST cs ce cesses coctses e = =e 
Lewiston .......---.-005. 7 L 
Madison... 69 17 | 42.4 
WMaWReda. 2. ccccccccscccccs 60 19 | 39.8 
Millinocket..............- 71| 19/438 
= Bridgton 72; 19 yoy 
ee 67| 15/444 
poe Se Falls . : 66 18 | 42.8 
The Forks. ...........+-+- Pee BEN See 
Van Buren... .......-.+.- 70; 10) 39.0 
var oa ee 69 14 | 43.5 
. | 
Annapolis ........---++++ 77 36 | 52.8 
Bachmans Valley.......-- ge. a Sane 
Cambridge ..........««+++ 82 30/1548 
Spee sso senreeee 82| 29] 51.4 
eatertowN. .... 6... ceens 73 31 | 52.0 
Chewsville ..........«+++- 77| 221 48.8 
Clear as seveteooenese 75 | 27) 49.6 
ColemmG .....---seecessss 75 | 81 | 58.4) 
College Park (Ma. Ex.Sta.) 81 | 24 | 49.6 
Cumberland.............- ee 
Darlington ........-.«+«++ 7 26 | 49.8 | 
Deer PAR... cccccccccsess 77 15 | 46.2) 
i. ee 81 25 | «51.8 
Saston. 77 30 | 52.7 
WOON. o6 ccscseccces sant 6 29 | 50.2 
—— 78 27 | 51.0 
TOSTIUTE |. 66 ce ccc cc ewes one che cceecleecess 
Grantaville .............- 15 23 «45.2 
Great Falls.............- 83 24 «49.2 
socemageing Furnace 80 21 | 49.6 
BPMOF 2.2.2. ccccceseeeesl.e, a EM ty ae 
BODE cccccccccccscccccss 80 30 | 53.0 
Keedysville .............. 82 23 | 51.4 
Lake Montebello. . | ae Gnas Soe 
BAER ccccccccecs. coccees 80 25 50.4 
Monrovia .... .... 78 | 28) 50.3 
Mount - Marys College. . 75 | 29) 50.8 
i icdeds ches dives 7 | 17) 44.7 
Ocean City. .........6++- i a 54. 8 
Pocomoke City ........... 7 30 | 53.5 
ES Se 81 34 | 54.2 
Princess Anne ........... 79 26 | 52.0 
Salisbury. ...........+.++- 80 25° 52. 4¢ 
Solomons. ........... «++ 77 38 «54.4 
Sudlersville .............. 77 28 | 52.0 
Takoma Park ........... 78 29 | 50.2 
Taneytown............... 7 23 | 48.8 
0 ee eae mene 
TET RR TCR 
Western Port............. 83 25 | 49.7 
Woodstock ....... geweeens 76 | 2% 45.6 
Anion. pocoececonsccess 2 20 | 46.0 
eosereererecseeess | 24) 46.0 
Bluehill (summit)... .... 70 | 27 | 46.3 
Chestnut Hill 72; 21 | 49.1 
CMONTE, cccccsccesecececs 70 | 17) 4.2 
yay 67 2 | 49.0 
DEE & cccecoccedacee 71 20 | 46.8 
Prominghens bbaekhoediecd 70; 16) 45.4) 
GREED cccccccccccoccccecs 69 | 16 44.6 
PE eccctccuseccccoes 64 28 «48.2 
ins ne ceuees en onGe cle cine sccaselsaccee 
DANE cccecncccesceces 72 20 46.8 
TEASE Ta Tae Raa 
sds sadehsene-odec ¢ 70 21 «(47.8 
DD ocanneees ease 70 16 46.9 
NN rrr 69 22 | 45.4 
PUD seccccesscececes 67 27. «47.8 
SR Re See aaa 
tat abavededeces 65 31 49.0 
aN eee Pee Ge Fe 
PIDs 06 cocessesescees 75 23 «(49.3 
ED nes s0ceeseee teeee 69 15 45.5 
— 78 19 «48.0 
Williamstown . 70 2 44.2 
ED cepcoecencnselccéeccibccncelecsecs 
, aE 7 | 2% 47.6 
Michigan. 
Adrian 80 24 «47.2 
Agricultural ‘College peeese 78 | 46. 0 
negdd Seeseseesoocsers 7 1 “4.8 
eee 7 20 «45.6 
BEY heen cesses esenes< 78 2 45.0 
Ball Mountain 76 24 «45.0 
Battle Creek . 78 2 «46.5 
i aT coseeapecses cece 78 18) 47.2 
EEUU euconebcscceccteses 7' 20'44.8 





Rain and melted 
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TABLE II.—Climatological record of cooperative observers—Continued. 
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BRSBS Ser2es~ 


x 
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ex 


3B 
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Total depth of 


non 


2.0 


te 
n 


| Temperatu 
(rahpenbelt}) 
Stations. 3 
eg 
I I , 
aig | 
ais $ 
Pa ba a 
Michigan—Cont'd. 9 ° ° 
Big Rapids.............. 77 | 44.2 
Blaney .. 57 16 | 36.8 
Bloomingdale 80 24 | 49.0 
Calumet. . 68 23 | 42.4 
Cassopolis . neds ecenvcees 80 27 | 47.8 
Charlevoix .......... .« 72 26 | 46.6 
Charlotte........... A Rises 
GED wcccccevdccccece 72 14 | 40.9 
Cheboygan 72 20 | 44.2 
GEN chocecesececcsees 69 19 | 45.0 
Cold water............... 80 24 49.9 
GSN cece cece secs cece 75 22 | 45.2 
Deer Park........ 67 18 | 42.8 
Detour 65 25 | 42.6 
Dundee. . 79 20 | 46.4 
Eagle Harbor.. 68 28 | 43.5 
East Tawas ............. Tle 19°) 43.5 
PE oéeed' eter coeecocvecs 78 22 | 47.4 | 
PD cote secesccceeseses 69 15 | 41.5 
Th. dcetpeungenes ceess 80 20 | 44.2 
i Ricccccs ones coves 68 26 | 47.6 
Grand Marais........... 70 30 | 42.4 
PAPO . cn cccscccccsceceess 79 25 | 47.4 
SE GE co cccecccecce 80 23 | 46.4 
Harbert. | 80 25 | 51.8 
Harbor Beach | 6 24 44.9 
PE os ce. cacescvesee 72 15 | 44.6 
DUE cc cccccecsceces 71 20 | 43.8 
SEED coccvcsecescesses aa | os 
BEAVER ..cccccccccccccees 78 15 | 46.1 | 
| Highland . RPS, SAMEP, 
PEED 00s cocccccecces 77 25 | 46.3 
Holland 76 2% | 48.6 
ree 77 22 | 45.3 
DED cevececccecnse< 67 10 | 38.2 
fron Mountain ........... 74 17 | 43.8 
i CEO bcc écoeccccess 68 14 | 41.3 
Ishpeming... ..... See cloeccccleceess 
Isle Royal.......-.... 55 28 | 41.9 
UL cp sncvGene debe es <6ee 76 14 | 42.7 
PE iiadowscuubedseees 82 24 | 48.0 
ME Piadbdetoooses eevece 74 2 | 45.6 
OD. ccc cccocceees 78 25 | 48,2 
BAO GE ccse ceccoccccs | aa apes 
Lansing ........-.-.-++- 79 24 | 46.6 
BABOEE occ ccccccccsccceces 82 21 46.4 
Ludington . 704; +204) 47.64 
Mackinaw. . 73 23 | 45.6 
Mackinac Island . 67 23 | 42.1 
POND decode cbeccosee 77 17 | 43.9 
 ctages stes 16eeed 72 20°) 46. 8° 
Maple Ridge ............. 72 14 | 41.6 
Menominee ..........-++. 75 26 | 46.3 
Montague ...............- 71 20 | 45.4 
i cckbepeunesesoous 81 24 | 47.3 
Mount Clemens. ........./|.....- 20 - 
Mount Pleasant .......... 76 13 | 43.4 
Muskegon ................ 72 23 | 46.4 
Old Mission .............. 73 26 «45.2 
GS vcapseccscccsenccese 75 23 | 45.9 
QUIERES. co ccccccccsccseses 78 20 | 46.4 
rrr ae 22 | 45.1 
UD AEE cccosess sone | 84 25 | 49.2 
DN, ccaucodeeetesewvens 68 15 | 41.3 
| Reed City .. wees 75 15 | 43.2 
Roscommon. . 754 104) 43. 04 
Saginaw —_ 8. M)- 79 20 | 46.6 
St. Ignace .. we ree 70 19 | 43.4 
i Ma Geconccoucseses 70 10 | 41.2 
ING dines ce suns enter 7 30 | 50.3 
Saranac . sebewed 78 20 | 45.6 
South Haven . sieeeecessocs 7 22 45.6 
Rs ceececvcccsees 67 | 15 | 42.6 
DRGTIVEND ccccces coccess 74 18 | 45.7 
| Traverse City ............ 734| 254) 47.84 
— pbb evdcesbausossees 68 18 | 44.9 
Seeeoccecesececese 78 25 | 47.1 
Webtervilis ilth Salve pace t 79 20 46.0 
West Branch............. 75 28 | 45.0 
Wi nndeecedeceseece 70 15 | 41.2 
Whitefish Point .......... 71 24 43.1 
TD tps ecedesecsees 74 11 | 41.0 
ee 79 24 | 46.8 
Minnesota. 
BS ID es cocecsesccece 78 20 | 49.6 
RO re 78 21 45.4 
poems. epiitventiabeicete< 7 10 | 42.2 
Shbecseeeeneesaesca 71 15 2.4 
Beardsley ponee cccnbeesee< ee sa-higes 
Di vincopenaiancsseé 72 M4 43.9 
ore 78 2 47.4 
SSS eae 73 15 | 42.7 
SN n.55 os cuweee pete 7 19 | 46.6 
SS ee ee 
tn nc. seseee es 75 23 | 47.0 
CD ocdedecucececes 72 17 | 41.8 
st 2 ES 77 10 as 
0 ee 75! 26)! 47.4 
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snow. 
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44 
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43 


Temperature. 
(Fahrenheit. ) 
Stations. . 
fig 
| 3 . 
aigig¢ 
- & é 
= a a 
Minnesota—Cont’d. ° ° ° 
DEED stasescesnc cece 76 19 | 46.6 
Farmington......... .. ‘ 73 21 46.8 
Fergus Falls.............. 79 20 | 46.6 
Floodwood ............. 74 17 | 42.5 
Fort Ripley ....... o. : es — 
GE saccacescscoocsess 77 21 | 47.3 
Grand Meadow........... 78 18 | 46.6 
0 OS Serer 68 9 | 42.2 
PE idceuertssecessoee 75 18 | 42.2 
Hinckle own 78 16 44.5 
Howland. 61 26 6 «44.3 
Lake Crystal .. 74 21 | 47.6 
Dt ccpseasesexess 72 19 | 42.6 
bon denen cecntes 75 20 «46.6 
Little Falls........... 77 20 | 45.5 
Long Prairie ............. 77 17 44.8 
EAIVERMD. ccccccccccecccecs 74 18 46.8 
Lynd.. 83 16 46.8 
McIntosh. . jeune 74 13 | 42.9 
WESURSED . cccccccncccsccece 73! 18°, 43. 8f 
BED cudons cece sence ste. 79 14 | 45.4 
Minneapolis *! 75 21 | 45.7 
Montevideo ..........--. 84 13 | 47.6 
BEE. ccsoonccesceccescees 76 16 | 44.0 
DED o.cns0edcésccecvoces 77 16 | 45.6 
Mount Iron ..........--. 7 14 40.0 
New London ............. 83 29 | 47.5 
New Richland............ 78 24 48.0 
TO Gillin ce ctcccceccvces 80 22 | 45.4 
QaOER, 6000 00 cedcscceoess 76 21 45.0 
Park Rapids. ...........| 74%) 16°) 41. 5f 
Pime RIVES .... 0000. cece 71 18 | 42.5 
Pipestone . — 74 21 | 47.5 
Pokegama Falls. . 76 18 | 42.4 
Redwood Falls.. a &3 20 | 48.6 
SE a cccies a ee Salt oe aes 
st. C —- Mikindiusioes 77 18 | 47.7 
St. Cloud. . ceramic x 81 22 | 47.7 
St. Peter... ... bawenen 73 18 46.6 
Sandy Lake Dam. 7 21 | 44.7 
Shakopee ............--+: 75 18 | 47.2 
Stephens Mines . a 73 12 | 39.6 
Taylors Falls............- &8 9 | 43.7 
Tonka Bay.. sauecns 2 Sry FE 
Two Harbors. . pentied dewees 72 21 | 43.7 
WED s ccc cccscccccces 83 18 | 49.8 
WE cccccccccccees 79 18 | 48.4 
Winnebago............-.- 80 22 | 48.4 
Winnebigessich abbe-eneue's 71 25 | 44,1 
Winona. 78 21 | 47.4 
Worthington . 75 21 | 46.0 
ae Mii on 77 17 | 45.8 
Mater 
Aberdee isi eacceeves 91 32 63.2 
Agricultural epenedd er 4 35 | 63.5 
Anguilla... Se a 34 63.6 
BEE « p ccccse sees scoeees 90 31 | 62.4 
Batesville ................| 9 32 | 64.6 
Bay St. Louis. ............ 87 46 «69.4 
> © + ~ ~shpheeepgnene Bid 31 saa 
DEED. cccescescescesesese 92 46 (71.6 
Booneville ..........-+...- 85*, 33) 40.2¢ 
Brookhaven ............-- 91 37 | 66.2 
GRE cecesccccce cevces 92 34 | 65.0 
GA oc cotvcececesee 88 30 | «61.5 
Cuolumbia...............- seit siihd tale ioe — 
SED o.000 céanvasaees 91 32 | 62.8 
ee TT Tee s6 34 | 59.1 
Crystal Springs.......... 91 37 | 65.3 
4 ey 93 29 61.8 
DRIED cccccccceccossees 91 36 | 66.8 
Enterprise ............-.+ ...+.- savcisocens 
Fayette........-.eee.-00-: 89 35 («64.3 
cepeete Seen) shthiesneseh odes ineedenhs 
Greenville.. er 89 36 | 63.6 
SEE, nccncdescceees 91 33 | 62.4 
Hattiesburg .............. 92 35 | 67.0 
Hazlehurst .............. 92 37 | 65.8 
Hernando................ 91 34 «62.6 
Holly - el sstvceetaes 92 34 «61.1 
Jackson . pedean cee 90 55 | 63.8 
Kosciusko. piadehbeneakeoes 92 32. 63.4 
BMD cccesecevcecese asad 91 31 | 63.1 
Lake Como.............. 91 31 65.6 
sone bacdustesesces« 91 34 «(66.5 
Leakesville............... 91 36 | «67.8 
ee eee ne 92 34 «64.0 
(ss 90 38 | 69.1 
nina tGhiedens stews 92 33 «62.6 
Magnolia................. 93 37 | 67.8 
ED g00600 ndveceeos 92 33 (66.6 
I bas cave keseacceese 92 40 (67.0 
SE idetcatcctescoes 90 34 «62.0 
Pearlington .............. 89 38 «68.8 
OE eee 88 39 | 68.3 
Ee 90 82 | 62.6 
PP btccecnwks euceses 89 33 | 62.6 
Ente dececdees cewns Oe "usaese 
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TABLE | II. — Climatological record of cooperative observers—Continued. 














Temperature. Precipita- | | Temperature. Precip ite | | Temperature. Precipita- 
(Fahrenheit. ) tion. | ana ac tion. (Fahrenheit. ) tion, 
| ee j | | — | 
3 ° | 3 ° | | = 
© | | © | } 2 a 
Stations. | ~. | Stations. Bs | @. Stations. | Se. le 
. ~ Ee 3 . & ae . | | | = at 
| g ese | | FS tees Ei gl i\seies 
: : en 5 = : : ag | -sé = : P a 8 ied g 
= a a = = a | c “= = Ss |g a | 
\aieiaig | g/eiaia |2 yigi¢i4 2 
Ok 2G & #e SG & a) lala le 
| ' | | | 
Mississippi—Cont’d. ‘ 4 ° Ins. | Ins. Montana—Cont’d. e . ° Ins. | Ins Nebraska—Cont’d. | . - | o | Ins. | Ins. 
Port Gibson..............| 9% 34 64.4) 2.84 __. Sete ner 82 14 | 47.6 0.39 ree 26 | 54.8 | 2.10 
Quitman ..........---+++: 4 29 65.4 0.74 Dd cgeens cetecocarenees 73 30 | 49.4 0.20 Genoa (near) 80 24 | 53.2) 0.42 
Riple padees 91 30 62.2) 3.70 Canyon Ferry............ 75 26 | 48.2 0.44 QTE iceaecetecess osccclesxsesisesosoleeoens T 
Rose edale etna 89 32k 61.4¢ 1.97 | ness ween’ 82 20 | 52.4 0. 59 IE gnc cece ccccecccccesiscvssstesepeuiesscen 0.10 
Shoccoe. . eeddiaséets 90! 35> 65.5" 1.66 ein égndconcenmsade 79 19 | 48.6 0.00 Gothenburg ..............- 95 24 | 55.2 | 0.40 
Shubuta. . oeeerery rr shcstansn Gee CRIN as cccsecceccesess 83 18 | 51.4 0.05 | Grane Tatana......0cccsess 81 30 | 53.7 | 1.63 
BGR oo o000 ccccccccseess 91 37. 67.8 | 4.06 Columbia Falls......... - 19 | 46.8 0.36 | a ee ee 88 21 | 51.4) 0.12 
ie cccaseg en eens Wi vhsee ds nettenions 3. 40 CE bites dvdsdosccneoaliens en ee ee ee 81 19 | 58.6 | 0.47 
pcekwe op neendccecse 91 33 61.6 1.56 Crow Agency............. 50 22 | 50.2 0.75 GINO oveescces cedeclesousslsssccabecssssl GAN 
ieee... 93 4 644, «1.63 UR ve06c0cccccescevess 77 28 | 48.9 0.03 RE cen cosesccesvecesioesvasiecessel seses 0. 00 
CIBER. oc ccccccecccccsees 91 36 «65.6 2.77 TP ctmecevebnccccesane 80 20 | 50.0 0.70 D MEE akceccccccvcccecess 89 23 | 53.7 Be 
Water Vanier. ae 94 33 63.5 «45.08 ae 80 26 | 49.7 0.71 f POR. oséccecccucss 83 22 52.6) 0.54 
Waynesboro ...... ...-.-| % 30 64.3 0.45 PE ccksvcccesseevss 80 15 | 50.4 0.08 eee 79 | 5 | 51.6) 0.34 
CREED oc ccaccoscceses 89 35 67.0)| 1.79 5a Pee EMP. 1.17 ane - haa 81 30 | 53.9 1.62 
Waseed Clty... .cc.cscce. ee. ow 35 «464.0)| 1.76 Sea cae s4 9 | 47.8 T Hayes EE ct iesescns 88 26 | 55.1, 0.08 
Missouri. Fort Benton....... reawee 82 27 | 50.4 0.00 the rere 85 9/| 49.4) T. 
Appleton City...... wens 88 25 59.0), 4.09 Fort Shaw.............. 82 21 51.8 0.44 1] HODTON .....cccecececeees 83 | 26 | 53.8| 1.68 
Arthur .......---0e-e00-- 89 24 «457.8 )| 4.49 Fortine .......-.22000- .| %% 20 43.8 0.31 Hendley os coscevescccccleseces ore leseous | 0, 30 
BR ccecestzevicsesos| Ol 20) 5R0) ta Ss ci cennkenscuwied 78 21/| 47.5 0.00 Holdrege................- 88 30 | 58.6 | 0.67 
Belle ....ccccceeeess -oe--| 820 @4f 57,1) 38.94 Ge akncvsscstccsecy 11 | 49.4 T. Hooper*!......... ..... 80 24 | 50.6 | 1.58 
Bethany. ......----++++-- 79 18 52.1 1.75 GE Rs ocaccssncvsess 73 15 | 47.0 0. 00 GRBBOTER 20 occccccscccsees 88; 27/|58.2) T. 
Birch Tree ....... rr 88 25 57.2) 3.31 icin 5 oc vane aiees 86") 24) 50.8" 0, 02 TS eee 82 28 | 58.9 | 0.43 | 
Bolivar. .....--------++++ 87 24 (459.0), 4.00 Ge ascsrssccsiccscsss OF 13°, 41.2 0.81 BARBOET . ccccciccccececes 82e) 158) 49.48) 0.45 | 
cs scuserve sees ee) eee ec GOES We c ccccess cvcce 75 21 | 52.4 0.10 Sas os 80 23 50.8 | 0.19 | 
Brunswick ......-...+.++- 82 24 54.8) 2.02 BEMIOOE. cc ccccccceccccofecscsclooscccisess-0| GE | Kirkwood ............... | 86/ 19) 52.4 =. | 
Caruthersville ..........- 91 30 60.2) 2.54 tbh os cede cconstie< 80 22 | 52.2 0.561 oo Sa 84 | 17 | 51.6 | 0.63 | 
SEE Vewecesvecsscessnss 85 2% 57.2) 3.44 Pe hati cenichsnscaie 81 16 | 45.8 0.00 | || Lexington ...............| 89} 29 55.3 | 0.60 
Comsapttes Sceccccccccece 76 23 «453.1 2.41 Lake McDonell. .......... 74) 225; 48.1) 0.37 Lodgepole ..... ....+.. : Gh BP hans 0.00 | 
Darksville. . ee 19 54.6) 1.68 Se 89 20 49.8 0.26 2 ee 85 | 25 | 52.0) 0.10 
TR. covcccccccccccccsees 88 26 59.4) 2.85 Livingston ...............| 81 25 | 58.7 0.65 Lynch. . 86 | 19) 53.2) 0,48 | 
De Soto.. 85 2% 56.3) 4.49 ES 4 eee Soe 0.19 || McCook .|. ----| 0.50] 
Doniphan ..........--++- 89¢ 29¢ 57,6¢) 3.87 Ba cdhenknssndcceccss clesvensivecensieaeses 0. 28 BED ae vsnccdecce coseseclscses Js seeee | seese | 0.63 
Eldorado Springs 89 26 58.6)| 5.90 TS bd ich asitesahbaatia 77 30 | 50.8 1,27 || Madison .................| 80; 21 | 53.0) 0.40 
Palrport .......-20cceeees|eceees toma Ge UTE 2.13 ae Meer es seer ree 0.78 | T. BERPGUGNED 2. vccccccccccce|.coces Atcha Semana | 0,86 
Farmington.............- 85° 28¢ 55.2¢| 1.28 Philipsburg . . ee 2 | 48.2 0.62) T. SD See ae es (Ree 0. 50 
Fayette ........... Peewee 80 22 53.0) 2.98 | 60 = ee 73 28 | 51.6 T — Sidebar eneocecuceel 84; 30/ 53.9) 0.84 
| 82 24 56.4)| 2.76 Pleasant Valley .......... 79 BidgkS!| GOP i j§ FM ickes cvcessccccess be tienes ae at 0. 20 
Gallatin*!......... Seeds oe Oe 56.8 | 1.76 | == 74 33 | 50.2 0.00 | Nebraska Gity ele a oie aie 80} 21 | 54.0] 2.67 
GS ct cave dcveseonsceve 86 24 58.0) 3.53 PU adhanccercssceusss« 80 10 | 48.7 7s Sree sere er Bees |} 1.85 | 
Goodland ..............- 82 24 55.6) 4.70 SEONORE coccscccsscssocs| Fel SG F. Norfolk ..... 2-20-0005: |} 82; 20/ 51.4] 0.51 
Gorin ........-++- (seevee ee. Ye ---.| 134 gE are 71 25 46.2 1,13 North Loup.............. 82 3 | 52.8 0,00 
Genes Chey... 2.000. cee. 81 20 54.6) 1.91 RST ids acini ican Rees 75 23 | 48.6 0.89 GUREEEB 56600. vccccccoses 82; 18/| 50.4)| 0.01 
Harrisonville .......... 83 25 55.1) 3.10 Els. 60 scvéedeone ésceslatinentsaessel Se GE his d dnccdsceienet cecdehcenccslesecsnl' Sn 
Hazlehurst ......... ERP SAY Meck pes 1.13 i CSE A ee 0.20 _, een FENRIS Rae | 2.55 
Hermann ...... ..-.--- eer ae inion ae BROTENGE cccccccccccsesss @ 31 | 47.0 0.95 BO f GOR vcdsccoscccvcepoccsacsdeccces leesee-s L.caaen | 0.00 
Houston ..........-.--+-- 90 21 57.4) 2.04 Springbrook............. 84 12 | 47.8 0.23) T. Palmyra*!................ 80 | 28 | 54.5 1, 80 | 
“ia Sr viniibtadoe asendal) ae . asses ee 85 12 | 49.1 0.16 POWRSS CAT . cccvccvcscss 82) 19/| 54.7| 2.49 
IN gh sicbsuckvsesees 87 23 55.0) 4.50 , EER SPS Sea ee eee ee | 84] 26] 55.0} 1.92 
CO ee 88 28 58.6 3.15 RS eee 78 22, 49.3 0.44 SD PU cn sedkcdeecseees 8d 22 | 52.9 | 0,81 
Jefferson City ............ 82 22 53.8 | 3.64 BU cs nnaveccccvsvestese. 71 25 | 48.4 0.50) || Ravenna ......cseesscoees 85 26 | 538.4 | 0.17 | 
a tcsasessKeesexe ‘ 86 30 59.5) 3.69 Otien....0<. RR SER 79 2351.6 0.20' T SD CNN. bias cocevxntese Sle} 27°) 55.4*) 0.51 
PE cccnocccscescsces -| 82 28 55.1 | 1.39 Wolf Creek.. .. 80 25 | 52.6, 0,13 |] Republican... ........-c0-[eccces[escesclercces | 0.55 | 
Koshkonong ............. 89! 29 60.1f 2.86 Nebraska Hf BS, TAROCF oc ccccsecasvens loesese ere ore | 0.22 
(ae? 8s 28 59.0) 6.44 IEEE os nc pnikdcsieass 85 21 51.3 0.00 || St. Paul...... :aetaaeseke wl 85 | 26 | 54.2 0. 35 
— starmngaaiaingats Rg Hilla aes Bence ssesniire Avdcmesinctiie’ 0.01 ta tonnssccrsdane- | 85| 28/560] T. | 
CREO cevcccecasccesess| & 2 56.3 4.67 BBs coesccsecsccssseses 84 25 54.4 0.40 | BOTINE 960 cccccvcccssnedecsisuheussesiivesan 1, 92 | 
Lexington .............. 80 24 56.6) 1.79 BIR ne 660008 castecences 81") 20!) 49.5! r | Scottsbluff. ............... | 85 20 | 49.8 | 0.04 | 
SS ore 81 28 56.2/ 2.02 Arapahoe ae 1. 65 | Cree | 82) 20/ 53.8 | 0.66 | 
ROOM cescccccvscccossl & 27 «58.8 | 3.06 . SS ae Se ee T. Springview.............-- | 84 21 | 51.1) 1.17 
Louisiana................| 84| 20 586| 224 BIE ciinvexodscass 0) "24'\538 1.42 {> _yyeepapepebessses | 80} 17| 49.8) 0.18) 
Marble Hiil . SIN) on] 29) 57a] 1.51 een cdbaaiasn Bins Piece vec Ds cxcachcckshadcaee ee Aevege 
81 21 «56.0 2.45 BENE 606 seccevesccses 85 20 | 50.4 0. 90 1] Stwattom .......ccccc-seee i aeees Je eseeelesense 0. 21 | 
Maryville ................. 81} 21 52.8) 2.97 BEE cccncccsccdcoveces 82 19 | 54.4 3,26 || Superior .....-......-00+. | 82 28 | 52.2) 4.04) 
Te ee B4 22 54.4) 2.81 dates cnvevdexaneas 82 28 | 53.0 0.12 BB .crccccccccccccees lococes liwaene Liwieee 1.70 
Monroe...... a 23 53.9)| 2.23 eee 80 23 | 54.0 1.58 {| Table Rock............... i svans er a | 2.30 | 
Mountain Grove......... 85 24 56.8) 2.01 DONTE cseccccces deaneseas 90 29 56.7 0.48 || Tecumseh. .......-....-- | 82 19 | 54.4) 2.60) 
Mount Vernon ....... ..| 948} 256 58.6s)....... I ss ianassbanse an 80 1. 05 Tekamah ................ 82 18 | 58.0 | 1,24 
Neosho ... re 87 25 58.2) 4.38 Benkleman.. eee ere epee) Sew T. | Turlington ............... 88 | 27 | 54.4 2. 13 
SSE Rae See “a 5.01 | ee Re ee 79 | 22/53.0 0.86 | | University Farm......... 81 21 | 53.7 | 1.15 
i “aw RRS Pea 5 Te et eae 3.16 | eens 81 18 | 52.4 0.31 eee ree es eee ae BO 
New Palestine........... 84 27. «57.4 3. 29 Blue Hill... ee rer nee eee ||} Wakefield ....... ....... 83 | 15 | 51.0 | 0.15 | 
CEE Sb00 00000000 0s ‘ 82 26 «56.6 | 2.62 Bradshaw ...... eae eee ee en | Watertown ..........-...-/se0ee. ae errs 0, 37 | 
See OT Te 21 58.4) 2.74 ree | 88 21 | 51.1 0.00} SE loa stsncsucensckesvens ae 8: mente | 0.00 | 
Oregon .. 78 25 54.5) 3.20 Broken Bow..............| 88 23 | 51.5 0.46 Wee — 5 ee 81 16 | 52.5) 1.43 
Piitccecseonde snsectencdabivndens const SOD re err See eee Lage Sarabande hein 84 16 | 51.8 | 0.84) 
Princeton 78 22 522) 0.99 GE can ciesarbiudvens 91 24 | 54.8 = rere eepeeslesncedicnsey.ol | 
i idea cccuedoueneness 85 25 56.2) 2.52 EE ee 90 2455.7 0.96 SD VEE 6 <5.6. 000s cans dtessarintsene A. ceien-s | 0.20 
4 x4 26 55.4 | 1,82 CIE IO snc o 056 06 ccce chevecuelesnausinances 1. 80 WHEROIG, osc cccccceccces 95 28 | 59.6 | 0.95 
PEEL ncccccccscccsesnnt OF) | SS! AS 2 EEE FE javacaktanseed) ee WOO ssdcscccccessccdccegy WW) Bie, Ge 
Steffenville ............... 87 2i 55.0) 1.08 Columbus ..... ES 43 | 52.5 2.07 Nevada, 
Sublett . seen ime fF SR ce thckudensie gan 81 27 | 55.2 1.68 nine ccksbess choad | 84) 22/539! O51 | 
ici icitendsenal “ae 22 53.8 0.99 Culbertson .............. SE ee BI vc catnnepistvesdoxes 70 29 | 51.1 | 0.36 | 
i ccocensese ages 80 18 52.5 | 2.36 CRE sr anaencecesncanens 85 22 51.4 0.93 | Battle Mountain......... 76) +30) 48.6) 10 - 
Versailles . eee 27 55.8) 3.40 i eee ; 77 27/542 1.50| Beowawe®5............... 80 40 | 61.3 1.04 
Warrensburg. rere 26 (57.8 | 3.25 DOTTED onc crccsccseccecs 83 21 | 56.0 2.64 Carson Dam.............. 81 | 30 | 56.5) 0.39 | 
EE siceaechesvnnds 83 25 54.0/| 1.78 S| RCE Re Even Sire 2.61 | Clover Valley............. 80 | 26 | 51.9] 0.63 | 
pee 86 24 56.9 4.62 EAE ER Re PE RAG ET || Columbia .......--..-0++. | 79| 82] 52.8] 2,25] 
Wheatland . RS aie) SES Re REI 3.94 ES EET (A ES ae 0. 50 | f RSE TE oa he 8 De 
Willow Springs .......... 90 26 58.2) 3.36 tia s: aeasicdéusbnes stasceqehssceneeiens 1,32 iiscces. cvestesdevse 73 28 | 51.0) 0.85) 15 
Windsor........... veceeee] 86] 22/ 56.8] 1.865 SE biceheniedeashias dssnenshinsitiheeh 2. 81 | Fallon... ea | 0.41 | 
Montana. is sckedsniewess sieve geulekennaieehenn 0.00 D PRI 6056 0c cobs sedenesls seesslevebad peer | 0,75 | 
ae _-? 75 17 49.3) 0.58 eee 80 | 17/486 0,00 Co eee 82 | 381 | 57.0) 0.83 
Anaconda 74 26 49.8) 0.30 SR 87 25 | 55.4 1.87 || Golconda............+..-- | 80 29 | 52.2 es 
ee... Dideea bess bees 80 16 48.6 0.42 PE Siinctssdesteecds, ie 2551.4 2,90 || Halleck #1............... 80 27 | 56.8) 0.75 
Babb. ati Pnae bicnieann 75*| 24¢ 49.6¢ 0.34 Fort Robinson ....... st ae 15 | 49.6 0.09 QP eee 80 37 | 55.9 | 0.00 
OO” eae a4 25 «53.8 0.57 See 86°; 26°) 55.6° 0.33 DOM cxvwrcccccscvccescesss ‘San ‘Gaeta 
Bessa (Agr. | c sea ). 75 27 «+48.0) 1.08 PORRNEES oo oc cccccvecccss 82 20'528 1.20 SO We técddcasssesecl “UE 41 | 66.6 0.46 
Broadview ... See 84 17. 4.6! 0.17' T en eee 82 2352.4 0.37) » EGU cnc csccctices 82 27 ' 55.8 0.80 
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TABLE Ul. — Climatological record of ' cooperative observere—Continued. — 











Temperature. | Precipite- | Temperature. | Precipite- | | Temperature. | Precipita- 
(Fahrenheit.) | tion. | (Fahrenheit. ) tion. es Fahrenheit. ) tion, 
| | “ | 
3 |: | 3 (3 z (3 
| «a 3 - 
Stations. a. | =. Stations. Mt A Stations. St Mc. 
|g d | ot | oe Fy ; | oe ; BE | oF 
5 | & 2 38 1s|§ 32 32 e |g 32 | 38 
lala sos |: a5 75 pie] | a8|ss 
ai\ai4 {2 Bligi@gig iz Blalidis |3 
ig | 3 ° ais 3 5 a\|s $ 3 
| a | a = = a = = = = = 3 = 
Nevada—Cont'd eo | o bd Ins. | Ins New Mexico—Cont’d. ° ° e Ins. | Ins. New York—Cont’d. ° © e Ins. | Ins 
Lewers Ranch........---- 80 30 580) 1.20| T. a 78 20 | 52.6) 1.30 Newark Valley...........).-.-.. esses -.s--| 450 2.0 
ry. ee 96 45 68.6) 1.80 Cea 90 37 | 60.9 | 1.18 New Lisbon .............. 70 15 | 41.2) 4.32) 17 
McAfees Ranch ........-- 79 13 45.8 0.24 eae r 94| 31) 59.8) 2.89 North Hammond.........| 72% 23° 46.74) 3.62 
Millett ....~.--0seeee-ee> 7 24 «451.3 1.20 — nde ene © 77 40° 57.2) 2.03 North Lake .............. 75 1641.7 5.40 ¢ 
Mill City*! TT TT TIT tt 80 33 LS 1. 06 Lake CSO C0 ccccccececcccs|seosos 4.05 EEE 74 21 «43.4 4. 62 
BMG. .pecsees ceccecceecce 65 31 646.2 «0.00 aver ea REL eee ee 2.31 Ogdensburg .............. 71 23 | 48.0) 2.71) T. 
Palmetto .........--+++++> 75 2% 48.0 6.98 Me cect tessecssecs 77 25 | 51.2) 0.82 Te a 22 | 46.5| 3.71) T. 
Paradies ..... cc cccccsececiees seeleveses|sseees 1.05 Ae ee 89 27 | 57.8) 1.09 nds. dence ceceseos 73 20 44.8 4.50 
“4 PCRS .ccccccccccccccccees 74 2 46.3 0,80 DD crecodvwes cance 90 46 65.7 1.20 PE Sry etbeshscadesizqgsash Ge 
San Jacinto ........---+-- 75 20 48.8 0.69 PO MED vocccdscocksculsceccspevedsivscoes] & OO SI ee 77 15 | 43.4) 4.12| T 
Soda Lake. eckeeacees Sir 25° 356.8 0.54 DP ccéeessessisess 78 | 382) 55.4) 1.80 Philadelphia............. 72 20 | 44.6)| 3.97) T. 
Squaw Valley... petauadeeen ‘ 78 18 49.8 06.38 Luna. down 6uducehneshi chen eedeansnseses< 3. 50 PE nc cccacascesces 7 20 | 44.2) 2.70 1.0 
Tecoma .... 75 29 50.8 0.30 Magdalena _. pabeedirranes 72 30 | 51.2) 1.894 Port Jeree Scaganeeen dows 76 22 | 47.4) 5.30 
Wabuska ......-..--+0+5. Sl 25 52.9 0.66 STS SS a a DP cuit aticaendes esoet 75 23 46.6 5.33 
Wells*!...........- 8S 37 «664.6 0.00 Mesilla Park saisaeiieniiaeie 88 35 61.8 0.57 Salisbury Mills........... 74 24 | 48.3 7. 66 
New anges Shas Ake dé chanelle sbewel seis dhenenct 1. 59 Saranac Lake............. 69 14 35.6 4.39) T. 
Alstead . boue 70 22 43.4) 5.64 AD BID, caccciceccccclecsdecloccss eel ee ven ickesonn deta 70 26 | 49.2) 2.97 
Bethlehem . renke cocscel 6 @ 1 39.6 4.93 6.0 || Monument .............. 90 38 61.3 8.05 SE rdsessse.auce coves 7! 33 51.2) 4.01 
— Secvocededeeeces 70 18 46.2 4,83 Mountain Air............ 75 81/522) 3.45 ee 77 25 | 46.8 | 4.07 
eneggcsetsceéedee 73 19 46.2) 3.43 Nara Visa speed coccecel . 0 $2 | 57.9 1.51 DED nxckcctdcuseuchececcs|ecogaciescceel GON 
Franklin Falls.. 75 18 44.7 4.67 Nursery Site .............| 78 28 | 48.8) 1,18 Southampton............. 68 28 50.4 2.30 
CE 6 cea de cous ot 70 13 41.8 5.238 T ied fiver ee a 29 | 60.0) 2.43 South Canisteo.......... 85 21 | 45.0) 3.43 1.5 
Hanover ........ +... «05+ 72 17 43.2 4.65) 7 ae peaee Ee ee er 5.0 || Spier Falls............... 73 17 | 44.8) 5.08 
ROMO oc ccccccccccccccess 75 Pe AOE We Bh Men cccc cedctccccsenclossesehoecese 1.7 , Pre 61 18 | 42.8 5.06 
Nashua ......--.-0000e0> 74 17 45.8 404) T. oo Se} 34) 60.4° 1.26 Ticonderoga.............. 71 22/ 45.9) 6.51) T. 
WOWOED cccccvccccescccess 72 15 44.6 > 3.79 SER 71 20 | 47.4 0.79 zeae. vudbaheoeneee 79 2 | 45.4) 5.70 2.0 
Plymouth .....------++++: 71) 16 42.9) 5.36  shsntasvccee vs Ee Fee ee ee FT Wading River............ 73 420 | 49.4| 3.76 
New Jersey Rosedale. 69 4 50.6 |) 256 Wappinger Falls ......... 72 24 | 47.6 | 7.47 
Asbury Park ........----. 73 83 (51.6 3.27 San Jon ...... 83 30 | 58.9) 1.78 GEWIEE .cccccccccccccccclecess sonnel neue 6.79 
Bayoune ......-. 6-00 seen 73 80 51.2 4,28 San Marcial*..... ......., 87} 381 | 58.7/....... Watertown ............... 72 21 | 45.0; 418/ 1 
Belvidere . 75 2 4%.7 4.82 eee 76 28 | 52.2) 1.65 I icctbhenbase etess 7 18 | 46.4 | 3,27 2.0 
Bergen Point. 75 3151.2 «4.52 Socorro. ........6.- 6. sees 85 32 | 58.8) 3.00 Wedgwood . . 80 22 | 45.1 | 3.48/ T. 
Beverly .......--++0+s000> 77 26 3.6 3.99 ED ck cccecdss + cteve 78 21) 51.0) 0.15 West Berne............... 7 19 | 46.2| 3.87) T. 
Brid Meccssqnadeseeues 80 28 523 3.51 SE Sasmocnceua ceecces was “acl Jee . 9) aaa 77 26 | 47.6) 6.85 
Burlington .......6. sse+e)seeeeele rere 4.48 MP shibhweses seecnes «+ 7 29 | 51.3; 1.24) T. WE Mesccterecescanes 75 18 | 43.3) 338 0.5 
Gentes. 2. 82 Tres PIeGras «2.0. ccc 72 22 47.0 O80 Youngstown..... ...... i ae 291; T. 
Cape May ‘C. abba. 74 30 52.4 299 0, ES ae Sere 1.43 North Carolina. i 
Charlotteburg pecgesseeces 7 19 47.2 6.36 SE dledietehs deus scceuksteues Meth © f Banners Elk ..... ....... 76 21 | 48.2) 1.98 
GOED coc ccccceccescoces 7 27 «51.1 «(4.08 , aa 72 24 47.0 2.36 DE ciccstesstnecetess, 0 40 | 62.8 1.39 
College Farm...... ...... 76 24 49.6 4.95 We camibescccscoscess 70%; 20k) 45.0*...... SUNS 0660 cneccsccsence S4 25 | 53.6) 1.01 
Cualwere LARC ...c cece cece clsccccclecccselecces 6. 31 New York. situ aseess covcees 85 27 55.4) 1.04 
DOVER co. cccccccccccee cee 74 238 «46.7 7.18 Adams ............2+++: , 71 24 47.0 5.13 2.5 | Buck Spring ............. 69 14 45.4) 0.40 
Egg Harbor City. _ 78 3 ....--| 3.25 Pi cbcnnccesceseqeue S4 19 | 46.9 3. 02 7 CED ctcascccneocesece 81 31 | 57.2 1, 02 
Elizabeth............ «+++. 75 29 51.2) 3,95 Allegany 81 17 45.6) 3.81 2.2 Chalybeate Springs ..... s4 28 | 57.4) 0.43 
Englewood ............+.- 74 32 51.2) 4,17 Angelica 76 15 (| 43.2 3.46 3.0 | Chapel Hill............... 84 31 | 56.8) 0.80 
Flemington ............-. 77 25 51.1 4.78 Appleton ................ 76 22 | 46.8) 3.54 CHMOD ..ccccccccrccscccs 80 27 | 57.9 | 0.70 
Priesburg .......-.«+++++- 78 2 50.8 3.60 Bonus se cecctess evens 73 25 | 47.6 5.30 Eagletown ..............: 82 29 | 57.8; 1.10 
Hightstown .............- 74) 2 3.4) 4,14 DE occscczeccesesess 75 | 22/ 46.2) 6.18 TT tietattcstesseces 82 30 | 55.6 | 1.55 
Imlaystown .. ccceccoal 98 2 50.8 4.11 Avon..... Geseseseoone| 08 21 | 45.8 | 3.70 Fayetteville............... 33 | 58.2) 1.03 
Indian Mills. . siecoul. “ae 23 W.8) 4,387 Raldwinaville.............. 75f| 26° 468° 4.54 PE ascedestccccecel = 32 | 57.8 | 0.78 
Jersey City............+. 75 $2 522 4.45 || Baliston Lake............. 73 22/448) 3.62 GREED ccccs coscevcocsves ag meen Se 
Lambertville ........... 76 2 3.0) 4.93 Dé scncscessccece ce 74 23 | 48.1) 5.85 Pcs cc svuseecusces 85 33 | 57.0 | 0.94 
LM@ytOn 20.05 eecceeeccess 7 19 46.1. 5.06 || Blue - pm Lake . ccne@ veces] seese 5.44 1.0 || Greenville................) «++.- sescclessece! SEe 
Moorestown ......... «+++ 76, 2 W.8) 3,89 || Bouckville ............... 73 18 42.0, 3.66 | Henderson ............... 82 82 | 56.6 | 0.87 
Newark . bnocbess 76 29 «51.2 6.07 | Brockport ................ 77 24 46.6 | 3.63 Hendersonville........... 77 27 | 53.5) 0.91 
New Brunswick. eeecesess 76 24649«.5 «4.85 Cape Vincent............. 7 25 | 47.2) 3.60 BD GUO. cscscecesesces 74 25 | 53.2; 2.19 
BO cccccccccccesseces 74 29 «51.9 2.92 Carmel ..... 7 22 | 45.7 | 9.43 Hot Springs ............. 88 28 | 57.9 1.80 
Paterson ........ 6.6. eeess 77 28 («51.4 «(5.80 Carvers Falls... as 2 20 | 43.5 | 5.34 NEE s cuts cescetec cscs 93 29 | 59.0) 0.89 
Phillipsburg ............. 78 2 8.0) 468 Chatham . ciettesecsl ae 24 | 47.0) 6.82) T OS eee 85 25 | 53.8 | 0.70 
Plainfield ....... ee 3 4.2 4.30 Cooperstown ............. 70 2141.8) 4.86 Nn ears 84 30 | 56.2) 0.58 
PRSRORMSTTS 2.00 ccc ccceslcocccfecccgelsccess| BEB CREED . ccvccccccccseess 75 19 | 43.9) 4.53 SEE coccoveusscoece 81 30 56.4 0.21 
TS Sn Se 4.03 | Cautohogue ..........+.-.-| 70 28 51.0) 3.59 OS eee 88 33 59.4 0.97 
Rivervale .........66605 75° ise 46.4° 4,80 Dannemora.......... ... 68 18 | 42.6) 218 0.2 BMNGO. caccscssces seove 80 33 | 58.4 1. 56 
i atnee cence ce cecotlveegeeieseuse easel Ge PDEs cs covccsccovces 78 18/443) 5.2) T. Di iseresssstescscence, 30 | 96.2) 0.66 
Somerville ..............+ 76) 2 49.6) 427 RS ORI SS Saree Say 4. $1 Et xdnddboen sens 82f| 256] 53.0f| ...... 
South peewee eeces ccesess 72 29 (49.0) 5.29 kcnekectévecesscosscecst o0 23 | 45.2 | 3.95 PONE ccccsevcaqgevesces RS 29° «56.6 «0.46 
Seadedeeesds cuseses 74 25 46.2 6.37 Elmira . endhuenenees 75 22 47.2) 3.08 MOMTPOO ..... 0. sees eeseees &5 25 | 56.8 | 0.27 
Toms River ee 3.3%) T. | Fayetteville. peoceronecees 78 20 | 46.7|) 3.21; T Morganton ............... 82 26 | 54.6 | 0.68 
Trenton... .... 6... -ceees 74 29 «452.4 2.98 0 SaaS 74 24 46,0 3. 50 Mount Airy .............. 85 25 | 53.9 0.91 
Tuckerton. 73 2449.8 287 Franklinville ............ 78 14 43.2 3.80 D.@ T PRORMS TRGUEG occ. cc cccccccleccccclecccce col Tee 
Vineland ............5. 79 2 (51.2) «4,15 Glens Falls............... 73 21 | 45.1 | 5.31 i cides cegatwitdeccclscensslocken He oes 1.61 
Woodbine bees 76 | 2/507) 3,42 || Gloversville............. 71 20 | 42.7) 4.67 ED n5innsceuccesses 84 28 | 57.2/ 0.91 $ : 
New Merwco. | ES 73 22, 45.5) 440 eae 88 24 59.6) 0.56 
Alamogordo........ Sees M4 40 60.4 0.84 Greenwich ...............| 7l 22, 44.8) 3.40 Patterson. ............... 73 25 50.6 0.90 
\ Albert. . sovecescccel OE 30 57.8 045 Griffin Corners.......... 74 11 40.8 5.30 5.0 | Pinehurst................ 87 33 | 60.4 0.20 f 
Albuquerque. a 42) 58.0')...... Harkness ............00.. 70 20 43.3 2.96 3.0 || Ramseur......... suncusee 87 27 | 56.1 0.65 
Alto ppinmmudesdiahedt eens ee 8. 72 DEED « cocceseucees cl: csncslecceselsesns 3.45 | T. I «4 bhonend 0600 db cogs ele eseselesnese 0.71 
Bellranch geeccccocccoece &5 $2. «457.4 0,82 Hemlock ..........++++. 75 2 «46.6 8. 36 Reidsville ................ 86 34 O47. 4 1.10 
Bloomfield ............... 79 28 55.7 0.46 EM Becscepessececcecs 82 20 | 48.2) 2.95 Rockingham .............| 86 30 61.4 0.40 
GN onc cncnces csccccclocccceiccaseiscoses] GO Indian Lake............. 70 10 405 466 5.0 | salem. seatneecedece ie 28 55.4) 146 
GN occ nececcecocescs 93 39 «62.0 »=8. 08 EE ponenneveesecccesss 80 22 46.4 3.52 0.3 | Salisbu shbeesetsth “ED liedsasbacecel Oe 
GED 6 once co cece cccceses 79 24.649.1 6.92 Jamestown ............. 81 23 (47.0) 467) T Sellabery Later tnes 82 30 | 58.6) 1.60 
Cimarron... ...... «66.656. 76 27 «51.8! 0,74 Jeffersonville............ 79 is 45.1 3. 58 BO F BGR cccecscdccccecess - S4 24/538) 1.24 
Costes ..... peeees ttecel 28 58.8 0.17 Keene Valley ............| 738, 188) 42.66)...... Ph: secnessesenivodases 85 32 | 59.3) 0,31 
Cif.. OAT SO 31 59.8 2.31 Keuka Park............ 80 23 | 46.4, 290) T. Snow Hill. Te i 26 | 58.2 0.84 
Clouderoft. . pcagtecsl ae 2242.8 4.55 Kings Ferry.............. a eae ee 4.19 Southern i iccsscienel 32) 60.0) 0.15 
Deming .............s005- 91 34 64.2 =«(041 Lake George. ............. 77 23 44.5) 473) T Southport .........0..002. 87 37 | 63.8 )| 1.38 
Dorsey .......6.- 78 28 52.1 0.56 Le Roy. oer ee 24 «45.8 3.36) T. Stateville. ................ 82 26 56.2) 1.60 
eceesesccoes 80 22 «451.2 0. 42 DT kccncecsoess 7 20 «43.4 5.18 6.0 WE cncuctceccecesceee 85 29 | 59.2 1.33 
le Rock Ranch........ 74 % 49.4 0.69 Little Falls head Res... 72 22/440) 398) T Vade Mecum............. 82 23 | 52.6) 0.85 
Elizabethtown .......... 66 18 41.7 0.60 Lockport. . aes 75 23 | 46.6 3.13 Waynesville ............. 79 23 | 50.6 0.79 
| BED coc cccccocseccccococce 80 32 58.0 5.34) ae 73 19 | 42.2) 4.25 WED coceccpecccccccecs 86 29 | 57.6) 1.45 
; EE wos 606 00 200004 aS 2 55.4 1.94 Lyndonville .. TRE Ps SE ER 349 «OT. WS cites cus kadedneee eines 30 0. 54 
Fairview..... 80 % «651.4 2,85 Lyons.... 06 ee 80 25 | 47.4 52 North Dakota. 
Fort Bayard...... 76) 86 SAS 1,12 Middletown... ... 73 28 | 47.6) 6,30 i ccctkanenerseves 78 14/446) 1.35 
Fort Stanton . : 76 24 «4552.0 264 Mohonk Lake phe 69 26 «45.4 7. 22 I Aplin..... sénbseoe 82 13 | 46.8 1,13 1.0 
Fort Union............... 75 4% 49.3 0.70 | Moira . naar se 6y 19 44.1) 3.59 2.0 | Beach ...... seal ped 80 9 | 47.0) 0.17 
Fort Wingate ............ 7 30. 48.8 2.00 * Mount Hope.. aol oe 23/481) 433 | Rottineau . a 8! 43.6| 0.27: T. 
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Temperature. 
( Fahrenheit. ) 
| 
| 
| ¢§ 
Bs 
2|é 
= = 
° ° 
84 7 
81 6 
82 10 
82 11 
81 10 
80 5 
81 13 
bel 8 
82 7 
76 16 
Bat 16° 
79 14 
80 12 
83 i) 
a3 12 
79 15 
$2 7 
78 ‘ 
75 17 
82 ll 
88 13 
78 11 
80 19 
80 11 
81 4 2. 
80 10 q 
79 15 
8&3 9 
83 16 
83 9 
69 15 
83 6 
81 5 
80 4 
a4 13 
79 12 
80 16 
80 9 
78! 4 
82 10 
824 §4 
77 11 
81 9 
76 13 
80 11 
80 s 
78 9 
79 26 
85 22 
81 2 
sO 22 
Sl 25 
88 19 
82 24 
82 21 
80 28 
82 23 
&S 25 
80 21 
80 % 
80 21 
83 24 
83 28 
&3 6 
79 31 
86 | 
82 4 
4 25 
82 235 
83 21 
81 27 
85 22 
MM 24 
82 27 
79 22 
83 24 
74 24 
85 24 
80 20 
82 27 
85 21 
81 24 
77 27 
R3 22 
8, 2 
sO 29 
M4 24 
&3 24 
81 26 
82 27 
82 2! 
80 28 
s5 22 


Rain and melted 
snow. 
snow. 


Total depth of 
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5. 6 
9.1 
.6 
9 
5. 1 
7.0 
4 
9.6 
7 
.8 
8.0 
7 
0 
.6 
= 
38 
.@ 
4 
.8 
9.2 
6 
1 
.6 
2.4 
1 
. 6 
. 6 
.8 
.0 
3 
.3 
.8 
.6 
9 
.0 
4 
9.4 
.9 
.3 
.8 
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Stations, 


Ohio—Cont’d. 


ere 
PE cece ve scceness 
PD ciccccvsscoseces 
New Alexandria ......... 
a ae 
BT Bs ck 0500 005s 
New Richmond .......... 
New Waterford .......... 
North Lewisburg......... 
North Royalton .......... 
DEE vccaq. sence cveses 
GNM okie si secsccesens 


oar 
Portsmouth ............- 


Rs waccccccovcsesees 
Rockyridge ............-- 


Rome. . 


Shenandoah . sibpeunnyaenee 
SIEMSY ...ccccccccccsvcces 
i ccwen cuore scocess 
South Lorain............- 
Springfield..............+|.+++-- 


Summerfield . 


Wellington........ eescces ‘ . 


WEED 6608-06 o00060.00000 
WOUND scncceccccocciees 


Zanesville ..... 


~ a 


Alva.. 


DORE oc ccnccusnesanes 
i ESS 
CE 50 s6 6 wosnnssnasise 
GHEE. ok + kccecnssesens 
Chattanooga. ............. 
Chee GREE «cc cvcc-cecces 


Dacoma . 


Eldorado. . Cimsegager saad 


ao pase tencesoesececes 


Grand.. 


agenda ananendpmage 
Harrington ............. 

Hennessey ..............- 
PE cisteccecestesences 


Kenton 0.0.02. .0.-.00>. 
Kingfisher ............... | 
Motonb ciatesdedeedane 


GRBGED. os cvcccesccs sess 
Pawhuake......cccccsseces 
rrr 
Sac end Fox Agency 
ShAWNES .... 2-02. eeeeeee 
eo 
errr ee g 
inacde cneteesexsen shesagns 
Li” err 
Waukomis............... 
Le ee sa cananehacawe 
Whiteagle................ 
Ore. 


b BR Cae cccccccccccssess 
Bend 


Black Butte . 


a. ccsxakdaocons 
owe sunibiwis® ca 





‘Procipita- 


Maximum, 
Minimum, 
Mean. 

Rain and melted 
snow. 
Total depth of 
show 
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_ TABLE II. — Climatological record of cooperative observera— Continued. 


Stations. 


a 
De ccndeckecndases 
hs 200 boneee tones 


7. PIS biwess ssewntecenes 
ED, 660icestevevtsee | 
T. H ERR 
T Huntington............ «| 
a iebaisenatinine 


T. ES 
SO can tedineededs 


0.2 | McKenzie Bridge 


| Marshfield ............. 


BOD cncenssevcececsce : 
Mountain Park........... 
Mount Angel............. 


Se see Fae ee 
Newport, .... 6... --eeeeee 
Olex (mear).... .....+..-- 
Gsives vccwcsnn syns 
QEBBED ccc ccs cccccccecsses 
PRs cnccdcrcccchacs 
POGRPOEE. 2.02 cc ccccccccees 
Port Orford .............. 


Prineville . 


IT bis ncocedevsne 
SI Sikb04on54 coednsc 
—— te eene oses obs 


WEED cc ccccvasccceene 
VORRRrcccccccsccescocsee | 


= 
2 
3 
Z 
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A 
Ss 

aE 
Be 


aes 
see 

5 

3 


a 
a 
re 


= 
bap 


Gettysburg... 


Huntingdon ...... 


eee 
| PEED 8 rote ncaccbcccsss 








snow, 
snow. 


Rain and melted 
Total depth of 


Maximum, 
Minimum, 


Oregon—Cont'd. 
Cascade Locks............ 
er ee Sree ere 
Sedans <oosan csenes 


° 


-_— Om 


CK Ooana eS & 


a 


~ 


= Ss 
SRB SCHBAHBOHBINHBwW HW Hwy 


a eae eee are 
Claysville ........-..-++-- 
Coatsville ............-++. 
Confluence ..............- senebienaeel 
Davis Island Dam........ CLS ERE 


Se 


— 


DUREROGDs 6os000cecesccess 


| Franklin At Ganon GPE 1°99) 20° 


George Seiad... Sescocutpene 








BESS: £ SERS 


oconn: 


eee eS ee 
OS Fe arr 
Greensboro .............. 
CO ee | 
Grove City .......... one 
re 
BOGE c ne cccccesccccons | 
Herrs Island Dam........|......|....+. 
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Total depth of 
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Mean. 
Rain and melted 
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S288: $8 


New Germantown ame i 
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POD CARE ARIAS 


£232: 
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SSressrsersserrses-rsssrssssssssessnw 
ne eescssssc: 
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Sak 


SSBRRSS292 


— 


VN oS 


= 


—— 


Winthrop College.. ledibca 
Yeomassee ...........+.05+ 


| 59. 
59. 
62. 
63. 
61. 
61. 
62. 
64. 
61. 
58. 
60. 
61. 


36 
32 
36 
34 
35 
31 5 
30 | 62.6 
33 8 
35 1 
34 7 | 
34 | 60.2 
35 2 
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— Climatological record = cooperative observere—Continued. 


De Smet.. 


| Frederick ............ ... 
DN, cadceiestesses 
Greenwood... ............. 


Menno. 


| Segeaeaaenpemetalie 
i  ncksnnce 60us cusses 
Mound City .... seeen 
GE coccccessesecsees 
EE 


Ramse 


SE ccnnnanecoecess 
Pl vekeenecds 200seee 
BNET os cccc cescccccvcese 


Selby. 


Sioux Fails Sev vecscvecccs 
Spearfish ................. 
SS sane vecsdcecesuce 
| Vermillion ............... 
Watertown... ............ 


Wessington me. 


Woolsey 


me 
DEE edopuduchiesteee 
int ctnk been cevoccees 


Birds Bridge 


BEE GE non cosccciccosecloseses 
DT tebeedéeenes soon « 


Chatt High School........ 
ED scctnaceacas ec 
SR Si etce avec ae 


Dandridge.. 


Jonesboro 


Total depth of 
snow. 


Maximum. 
| Minimum, 


z 


NOs ENoCOK eK ee Om 


<i scetedheosness 


SCcreocem 


SOUAD 


nr onwe 


toe 


cooem 


os 


- Oe rer 


BRSIERSSe: | 


PSSRBReRE: 





Stations. 


Tennessee—Cont’d. 
SUED ccc cccese cesses 
PGND bs cccecscoveees 
BORER. cc ccccccccesccoes 
Silver Lake............... 
Sparta. .....cccecccccceess 
Springdale ..............- 


Springville .. 


. 
Tellico Plains............ 
SEE Sankey Gevede soeuees 
TD ccosconcee sees 
OO rrr 
ee 
Waynesboro........ .... 
Wn Uavcccessee 
Texas. 


Albany... .......--+5 se0- 
Bic ectcboasecessde cvescisevere 
BEE 0 ci cecccecss cesses 


DED seteoncescdnceseees 


en 
SE s.cckine- 000066 44600006 
i cccaguacbien- Geen 
EN. occnscsescaceces 
TD 6 a0 ceseevessevses 
Brownwood .............. 
OUTED «vs cc cece cvess 
GREER 2 cc cc cccsccecoce 
Carmona. .......ceeeeeess 
Channing .........-.--..- 
Gc scces ccctsovcees 
CIOIEND . ccc cccccccccclocnses 
Tee 
Clarksville ..............- 
GE nok ba0dss bee coee 

Claytonville...........- 

GR dccccostsees see 
College Station.......... 

GED waccconcsocsceese 
GED 50000 censes cece 
GOEIEES 6 cc ccccccseccsees 
GBD « ccc cscctcsssoscces 
PRONG. cn ccccccececsccess 
Ds snetesecansscesseue 
Danevang .........-+ese+. 
PD a ccccwevces evsece 
I. oc 000006 cnessesee 
Dialville...... seed obcone 

DD conve poececuesccece 
| se 


Eagle Pass ......... 


eather See a 


Earls Ranch..... 


Falfurrias.......... erat "100 | 
PC cece sesene esa: 


PRES FUE ccc cecccocs 
Fort McIntosh ..... 


Fredericksburg .......... 
eee 
GE an ccncccecvceses 
Georgetown ............-. 
ee 
SD GRIER, cscccccccce cere 
Grapevine ..........-.... 
Greenville............... 
Hallettsville ............. 
BRGRRGGRVEIES oc cose ccccs| cocccleccccciececes 
Hempstead .......... 2. 2+-)-eeeeeleeeess 
Henrietta ...........-... . 
PT cccknd. edvecdane 


DEED, cdcccccecccececces 
te ccacsnkendnas & 
Knickerbocker .......... 
Kopperl ..........-+.-+-+- 
La 


Longview ..............-. 
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Rain and melted 
snow. 
snow. 


Total depth of 


Minimum. 
Mean. 
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Stations. 


Texas—Cont’d. 


Mobeetee .........--- 

Mount Blanco. ea cad 
Nacogdoches ..........--- 
Wase#ret ....cccccccccccece 
New Braunfels ........... 


Quanah.. 
Riverside . . 
Rock Island... 
Rockland. . 


Baseville . oo. ccccccccccccleseces 
RUMge ...eeee eee ee ee eeees 

GORE oo. ccccccccccceces 
San Angelo..........-+--- 
San Marcos.........------ 
ate BRD cc ccccccccccecces 
Santa Gertrudes.......... 
Seymour .......---++++++- 
GRSSRIOR oo cc ccccccccesccs 


Sonora .... 
Sugarland. . 
Su = Springs. . 


Sie hess nn 6 bend snnes 
Waxahachie .........-. 
PEED con duecesceeseors 
Wichita Falls ............ 
are 

Utah. 


Beaver . 
Castle Dale .. 


Cedar City ..........+--- 
QOGTMRG 2 oc cc ccccccccccece 
COVORO .....00cccccccsceee 

DIED cocccccescencccses 
BED cwccecnccscceccece 

MGRERMES 20.0 ccc csccccee 
Experiment Farm........ 
Farmington.............. 


Fillmore 


Government Creek aia 
NEED cc ss coucsces © 


ED : ose oc n0sé sues slenses 
Se ee, Sree, oe 
DS Aeadaunehesseneccs . : 


Marysvale................ 
Meadowville.............. 
i ide es aoe wae ’ 
SEE Cee eri Carlee 

Minersville............... 
eS 

SL -ssenscvscecee one 
ae ote hnneanaicaieds 


Park C wd in rethee dans 


Payson .. 


tinskscatecteciail an 


St. George. . 


Scipio. 


Silver Lake. eer rer 
| EEE 
Soldier Summit........... 
SpriegGaks ......cc0cccees 
DEY cebebevsn’enene 
ss EY 
iahinds ii dene me oat 
nknkesée «444-0000 
EE COE oc nccccccccces 


Verdure ..... 


icin odhetebouue 
Vermon 

IS ics 4nkees'ss tw 

a 


Rain and melted 


Maximum. 
Minimum, 

snow. 
Total depth of 

snow. 
Maximum, 
Minimum. 
Mean. 


~ 


= 
= 


Vermont—Cont’d. 


m. 


oom 


ChODOH Bh Onen: 


GE ocucncsvecconcence ; 


a 
™ 


oo =3° 
vino: 


A 


BER 


Nokesville (near) 


IRMOARSeNW: 


| Ee 


° 


Granite Falls.............|..00..[0 008 
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TABLE II. — Climatological record of cooperative observers—Continued. 
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} 
| 
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Cn 


 — 


snow. 
Total depth of 
snow. 


Rain and melted 


oF 


~ 


SssssessrsrerKresssssssrssssss 
© - - 2 = o t 


Soe 


Stations. 


Washi —Cont’d. 
Snoqualmie ..............) 
Gh cata bg des-al 
Stehekin wieneeweltans nici 


BOGE ccadccscccvescescens 
Vancouver .......... oeel 
CO eee 


Charleston siteasdanban ate taka 


Franklin... Sa akanideaatid: 


Glenville. . 


Grafton .........+.-.-005- 
Green Sulphur Springs.. 

Harpers Ferry ........... | 
BEUMEOR 0 00 0c ve ccccccccces 
Huntington .............. 


Morgantown............. 
| Moundsville.............. 
| New Cumberland ........ ae 
New Martinsville......... 
| Nuttallburg ............. ipeckaa 
DONTE ccccvccescccccess , 


CEE ons 0000 6s cnnsctecs 


Webster Springs. 


Wellsburg.............++- 

WONT doccccccocsancseed 

WROGHE . cc cocccccscsees Ly épbee 

We esadndwssc conc clesnss 
Wisconsi 


BURGE s icccedetticvnss | 
BMUEBD. 000 ccce cecccscoses 
APpleton painh-06 bese wennn 
ppleton Marsh......... 
Phiand Rides d5eapenedasasd 


Grand Rapids............ 
Grand River Locks.......|. .... 
re 5 
EE nécducerstsckees’s 


«eee 


| Presipitar 








Minimum. 





° 


West Virginia. 
ORGIES cuccxcescasssaces 
eae 
| Beckley ... 
| Bens Run 
oe Sverecncssceers 


once 





DANI 3G wow 





z: Ss 
oe#nc +e OO 


SSELSSSB 
SiBRRSSE 


SS2SSRSESSS 
SwnotmeHawrro 





eeeen aes 
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oooh 
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>; er: 
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tion. 
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| Total depth of 
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oa 
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TABLE II.—Climatological record of cooperative observers—Continued. Late reports for September, 1907. 
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Temperature. 
(Fahre nheit. ) 














Stations. 
2 
Wisconsin—Cont’d " 
oopenick ..........00+- 
Lake Milla .. .......--+++- 76 | 
Lancaster .........-. «+> 78 
Manitowoc .............+- 75 
Mauston.............-.++- 76 | 
Meadow Valley .........- 78 | 
Medford. ..............«+- 73 | 
Th wtide ob00000000es leaned | 
BEE onus coceoseccesens 72 | 
Minocqua .... 68 | 
Mount Horeb ............ 78 | 
New London ..........++- 77 
New Richmond .......... 77 
GOSS « occc cccccceccceces 75 
swings 6060 6s coeeeee 80 
Oshkosh ...........«+++ 76 
Pine River 76 
POBORED cccccccccccccceces 75 
Port Washington......... 78 | 
Prairie du Chien ........- 81 
Prentice. ...........e06+- 69 
PORGERD oc cccocccccsccesoes 82 
Shebo nd coneneesesane 78 | 
Shulls — gececdues 77 
Solon Springs ...........- 72 | 
8 GP cccvsecse cece coece 71 | 
MIOY....cccccsccccccees| F4 
ly hei = 
Sturgeon Bay ...........- 
Valley Junction pessecseee 74 
Viroqua. .. 2... eee ce neees 73 
Watertown... ........65- 75 | 
eam bnotese te Cameee » 
au - 
Wanken. ten in abet ounesee 72 
Weyerhauser............. 74 
Wencceccesscceseeel & 
ES 
DEED anovececedsatcecooesc 76 
OS errr 78 
Blue Cap... ........+0055- 72 
REED ccecce ccceseceouses 75 
DEED dindoc-adeececectens 79 
Camp Colter. .............)eeess- 
Chugwater .............. 77 
CER cccccctoccessccceces 75 
Daniel 71 
Pi wieneees ceeucteoec: 73 
re ree 
Evanston ....... pectoneua 75 | 
Experiment Farm........ ebee 
WEEN .ccccs socsecceee 71 
ER ccsgq (Gn .cened 71 | 
Fort Laramie............. 82 
Granite Canyon.......... 74 
Granite Springs.......... 72 
—— PPGDE se cccecs cee S 
GrhggE.. 2c cccccccccccees 
Ds nce snesenenseses 65° 
ass 000 coccceees 80 
Kimmear, ........05.cceeee 85 
BUEN ccc ccccccccececcees 78 
Laramie 75 
Leo... 71 
DNs 9 Gin ee 66400600 00 e068 79 
i cecteesteesedse 78 
Moore. .. 76 
Newoastle......... 70 
PT ocnedeese ceese « 74 
Dihis6 66bneeevesese 82 
Pine Bluff... 83 
Rawlins..... 75« 
Di Dacdcedvect eoceses 78 
OE ORs 7 
Sheridan...... 76 


Minimum. 
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SESSRSSSSSERE 


Esse 


SBRAESS , 
a2eaw-4acoo 


RSs: SReRs 


$6: 5: & 
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Sites 
SHOE 





eu AA eOe FACASSe Boose 42 eOeeoK eH ea Gaaaon 


SUCSCeNISOONAe ON OWS 





Precipita- 
tion. 


snow. 
Total depth of 
snow. 


yy Rain and melted 
S228: 


> co 
on 


~ 
FF 
2! 


aa 


0.2 


SSURRSSSASLAASASBVSVeeessensye 
aan 


Srserrreressersrrrrsss-s-ssssssssss=s 


cococo-so 
Ps ’ - . * os a 
La 


= 


Sees: 


= 
= 


—Srs 


: se29e9 


22 
am 
am 


=] 


eeessss 2s 
YTS octet fe tt 


Temperature. Precipita- 
(Fahrenheit. ) | rm 
| | 
Es mi Ki. 
3s a 
Stations. | |g. ~~. 
; : e | oe 
| § ia Zo | eo 
| s s Sea | 
2 8 » ea 2 
bo | | co ig 
* a | $ 3 
< | — 3 > 
a | = a | & 
Wyoming—Cont’d. gs oe e Ins. Ins. 
Pt jc ccetededeeiass 80 33 | 53.9 0.72 
Pe sik devas dikece specs 64 11 37.6 0. 69 3.0 
I 005se0e008000< 80 29. («6620 «20.00 
\. Sees 2 2 50.6 0.0 
WT iehenatendeseden< 84 23 50.4 0.00 
Yellowstone Pk. (Lake).. 62 20 39.8 0.85 3.5 
Yeilowstone Pk. ( Norris). 67 1540.8 0,81 art 
YetlowstonePk.(Riv’side) 69 18 | 42.6) 0.50)...... 
Yellowstone Pk.(S. River) 69 17/ 42.4 0630 T 
Yellowstone Pk. (Soda B.) 70 10 41.4 O41 
Yellowstone Pk. (T. Sta.). 68 19 41.0 1.38 
Yellowstone Pk. (Up. Ba.)| 71 19 | 43.6 0.04 
Porto Rico. 
re 97 70 «81.8 3. 64 
SE bdh.5000+09086060 89 5473.4 «6.90 
Alto de La Bandera ...... s4 65 73.8 16.57 
i di dhadescueense one 90 61 | 75.2 12.83 
Barros ... Ro 59 73.9 11.35 
CS ee 95! 68' 81.6" ....... 
SD UN 666 66 60 cece cde decenee oa. (eeeeee 3. 83 | 
Cc bh debe Gecéecseseeece 91 62 76.2 5. 53 ° 
Camovanas ............... 90 72 79.7 9.32 
er 89 59 742 7.16 
ee 89 68 75.8 5.13 
ee er 91 68 79.2 9. 95 
Cb coed secneeesoseses 92 68 80.2 11.20 
ee 88 72 79.8 464 
DD tidhadeécuseusence 91 70 80.4 7.02 
hehe ceaé aces enete 94 638 79.0 6.20 
CED ceccccccsce cute cheséeselecsencioesece 4.91 
Db tcececcéeoscasee 90 69 78.6 9.41 
EE Ss ae ae 9.39 
ined svenseusiuscess 93 68 79.8 10.90 
er: 89 61 74.5 11.77 
La Carmelita...... 87 62 74.2 16.23 
DED occcccccecccccccece 91 60 76.2 19.85 
Las Marias 874 60 74.6 10.87 
TT tice cacnasegenes 89 65 7.2 7. 72 
EE 90 61 75.0 14.38 
Maunabo 93 70 81.4 5.48 
it: iveacesdcnees 91 66 78.2 7.92 
PP tibts dnceetenesds 92 61 80.3 9.37 
St OD scsccceccceesee | 9 58 77.6 9.90 
Rio Piedras ............. footed anhabe te wile 8. 26 
SabanaGrande........... peas ee ere > Ff 
San German....... 93 67 79.2 10.65 
San Lorenzo.............. 92 60 76.2 11.66 
San Salvador............. 87 62 74.7 12.23 
TTS Se ee woos | 1480 
Pn PE  shcceeecccts< 93 66 80.2 4.12 
WEED occedevne: ceonces 90 70 80.2 7.58 
We ecscans secccceccedec 91 6478.6 7.83 
New Brunswick. 
. | 61 26 43.4 4.55 
Late reports for September, 1907. 
s - 
Alaska, 
SE SD. dodaguescsec cle sdnaclncceviscesael Guan 
Chestochina......... .... 75 14 44.0 2,07 5.0 
Coal Harbor.............. 73 3 49.4 5.84 
Copper Center............ 60 13 39.8 0.25 
ST Glaeeune couceeaes 63 20 | 40.2) 0.42 | 
tet ccehitenkd 67| | 87.8)....... 
Rv srescced vis diasicel MP insasce 1.45 
a 74 3% OD | 12.84 | 
BS 74 20 47.9 10.00 
i kn scnes bee divchan | seccelsnueee 0. 49 2.0 
SED napsebews vecateccoes 52 29 «41.1 1. 41 
SIND 60en.cc ccssecceesé 67 20 | 39.0 2,52 7.8 
eer ren See ee 
SEED . Sees cececccecsce< 67 2 4647.3 4,45 
is cas cedduubesdes 66 $1 48.4) 5.76 
ood Island ..... 71 35 | 51.7 9. 00 | 





Temperature. 
(Fahrenheit. ) 
Stations. é 
pig 
gigiga 
41';8/8 
= a = 
Colorado. ° ° ° 
See See eee 
Georgia. 
tae Se ae See 
Towa. 
eae 90 34 «64.7 
Rock Rapids ............ 86 30 60.4 
Kentucky. 
Blandville........... wdess 93 45 70.3 
Minnesota, 
Zumbrota ..... Si seeenee 80 27 «457.6 
Montana. 
ED vcccencsccseses 85 12 | 55.6 
New Jersey. 
Wc ccckuasetes 90 37 69.2 
New Merico. 
A 85 27 «60.9 
Teras. 
ee 110 35 | (71.9 
is dence deds-ex<ns 93 36 «62.6 
UNE nite icbecees gress 100 46 76.8 
Utah 
Re 87 25 «61.0 
DEE andiued acdneeulnatkees snaebeien 
Ga dvidass ehoctncecne 81 41 62.4 
Washington. 
eres 97 35 «59.7 
(ws 94 38 59.4 


EXPLANATION OF SIGNS. 


Ocroser, 1907 





Precipita- 
tion. 


snow. 
snow. 


Rain and melted 


Total depth of 


~ 
= 
. 


Ins. 
0.81 


2.0 
7.90 


2. 65 
4.02 


. 50 


5.44 


. 92 
52 


. 05 


3. 42 
5 21 


* Extremes of temperature from observed readings of dry 


thermometer. 


A numeral following the name of astation indicates the 


hours of observation 
obtained, thus: 
1 Mean of 7 a. m. 


*Mean of 8 a. m. + 8 p. m. + 2. 
§Mean of 7 a. m. + 7 p. m. + 2. 
‘Mean of 6a. m. + 6 p. m. + 2. 
5Mean of 7a m. + 2p. m. + 2. 
* Mean of readings at vari 


mean by special tables. 


m which the mean temperature was 


+2p.m.+9p.m.+9p. m. + 4. 


arious hours reduced to true daily 


The absence of a numeral indicates that the mean tem- 
perature has been obtained from daily readings of the maxi- 


mum and minimum thermometers. 


An italic letter following the name of a station, as “‘ Liv- 
ingston a,” “‘ Livingston 5,”" indicates that two or more ob- 


servers, as the case may be, are re 
station. 


rting from the same 
A small roman letter following the name of a 


station, or in figure columns, indicates the number of days 
missing from the record; for instance, ‘‘®’’ denotes 14 days 


missing. 
No note is made of breaks in the continuity 


ture records when the same do not exceed two days. 


of tempera- 
All 


known breaks of whatever duration, in the precipitation 


record receive appropriate notice. 
CORRECTIONS. 


April, 1907 


} 
Michigan: Hillsdale, make precipitation 2. 96. 


May, 1907. 


Michigan:: Hillsdale, make precipitation 3. 98. 
1907. 


June, 
Michigan: Hillsdale, make 


July, 190 


precipitation 3.14. 


Oklahoma: Okeene, make minimum temperature 60. 


Oklahoma: Okeene, make mean temperature 


Nore: 
lished at Keuka Park, about 4 miles distant. 


81, 2. 


Station closed at Pen Yann, New York, reestab- 


Wyoming 


Forest Reserve station name changed from Clear Creek 


Cabin to Hunters. 
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+ Component directi 
on was 
Stations, ‘ - neapienn Resultant. 
. | 8. E. 
. Ww. Direction Du Component directi 
7 : - from— re Stations. on from— 
New ~ tion. ' Resulta 
pasiges, Man aoe | we | wie & = 
Portland, Me... 000.000.000000c0 oo 19 | ie, | ee) 8 | B& | w. | Direction | D ; 
ee Vi a apctacudaaioucnaenks 19 20 | 31 «| ss North Dako — | from— | tion, 
Burlir ngton,  atgnltnemananneaiat 9 12 H 33 | s. 88 w. 26 Moorhead, Minn - ~ Hours. | Hi | fenoee 
2 Nd, Vt «o-oo eo ee nono ame 19 17 2 ia os il — ees en coe 4) 35 Hours. | Houre o | um 
PER SESS q 29 : 8s. 6e. s Lake eeesectocce ceeeseos ay 8 . ‘ours. 
Nantucket, Nai... 0000000000000 » | $) Blas © | 10 | Willis, gy Mak m) | a5) nm ‘to 
ep coemmba ihe 2 18 . 82 s. 88 ps PYTTTITIT ITIL Tt | 16 € ° Ww. ¢ 
Providenes, Bf. 0000000000000. uo) ow) sie Minsespitia Minn fees S| 8| 8] Sifss| 3 
= ee NOIRE 21 18 } | n. 81 w. 12 St. Paul, Minn Gh cine beotevacesate 8. 85 w. 12 
aven, react 23 22 4 31| n. 83 w. S| Paul, MIMD ...--0.2ccseeseeseeee| “| go elesecess pinta 
Alban i. le A Atlantic States. eens: 660 29 16 4 33 n. 88 = 35 Madison Wis LF wc ccccccccccsoocces 9 29 18 mt) «aa ry re 
per __ cca ; 27| 0.57 w 29 Charles City, Rermeerocericeseuvanesss- 15 4 3 21 = ae il 
New York, X. 7. + Lee rete ws ke + 25 5 a . 24 Davenport, Leg WITTER TTTT TY tt 19 27 ~ 22 = = 10 
eseees i ° 24) s. 70 w. oines Seneasassdeapashenss 7 . 0 ol ae ae 17 
Herrisbare, Fe beaches axes 20 22 4 17| 0.73 w 20 Dubuque earereteoseemueneess 3 18 16 | ee | il 
Senntee Pe Paes ecco ceceeceeeees = 18 é 4 w. jo —, a cite a 2 26 . a1| s. 3 bly 4 
ON 21 | 4 29 n. 80 w. 2s Tl . eteneeteeeererenereeees 4 9 - & w. | 
ro is Ol PG) 2 gt 2 ee S| gs] al gites| # 
MEET tn0veceense ves 18 2) n. 45 w. ee ‘ 16 ;| ° 8! 1 
Baltimore, Mao var" = 21 | ; rd n. 69 Ww. p. springdeld ti 2 3 : 4 c. 
ose scuedsndgnaiocdl - : » n. 47 nnib Wi = a , . 
Mont Wes Wa nena 4 = : 27 . S 16 St. Louis,’ — t . = 15 = . E. e. : 
. eee 13 7) n. 47 w, ; : Rw. 
po, ¥ oth: SERRE crmeane OR Bere 15 >t 2 aa 26 Columbi es 16 24 p. 16 “ey ® 
wee ee a 27 eee abe hea - Kansas City, 8 a at 8 
ec onccarvasecusti 24 a) & iia ajc 75g, Sbringfield, Mo “ J 13 10 mi eee 
Ashevill th Atlantic States. SSS 14 11 | 18 s. 834 w 13 Iola, ans.+ 13 28 15 | 12 8s. Be 5 
fnew SS caspaneiss 8 42| n. 85 w. ol Seen Mie. eo eeeskecess 9 27 20 | eae 8 
ites as <di ailavasiganehiodi = 16 | 15 24 || Lémeeteh, HONE .....00.--ccccccsccees 9 + 7 4a 7 @ 16 
eR ap a= 23 16| 33 ~ oe | ” » ~dhghaeneeeganpetan p 14 9 8) 8 law, | 4 
Wilm mater ade haces 33 5 | 28 13 n, 59 e 5 12 Valen ne, Nebr ee ccvcccecsooeosesoos 17 24 16 12 8. 31 e 6 
= a, N. meosiven oxetboneny yrs 30 14 | 41 ngve HP 5 Ae apageabeaihaeae 26 28 9 20 8. 45 6 
Col —_ aapenaciipeapeneiadnce este 38 11 | 11 21 n. 32 . 31 Pierre, 8. 8 Bak ee we 17 5 27 8. 45 w. | 16 
Grenadin, O-...-------- ae ieee 35 9 Ht 1) mi8e. 19 Huron, 8. Balk .o.e0.coeeseeeeceseess 23 4 : 1B hae | 24 
Savann a LEELA —~ 12 17 A+ Bo e. = PE IE Wiiicnsosesmcansens: 22 o - 17| n.38 | by 
Se Sea . P . . ° e 
Jacksonville, Fla... 2.0... eee 33 ~ = ihe & 19 Havre torte Slope. 9 4 IT eave aan. Ae a 
Jupite Peninsula, ” 6 ; 12) ne. 18 | Miles City, Mont......-....--.-.----- n, 84 w, | “9 
Key West Fi Ereaiidaenrensnsan a 9) n.I7e. 25 Helena, Mont | ¢§ 16 28 sa 
iene, Uh ............. senate oa a 31 9 7 Rapic all, Ment. ns 21| 8. 4 w, | ' 
OS aes bie tenets « 2 ¢ . n. 51 e. « ty, § cooce es . " 3 
Atlanta, Basiern ouys States. ciate ad 4 | > 2/| n. 46 7 28 || Canenae! Wyo 3 39° “eae BOR 
Macon, G pales ‘ P 5| n. 83. 2s || Chayanne, Wye o...-seco-cesecsseeo| | WB] 8. 74 w. | 37 
Macon, Ga.t.---.. Shadichilsraulanipion a 14 21 , 42 Sheridan, aes bre aaeatiars 5 27 | ae 
Pensacola, “ae OI = 4 - 15 n. 31 e. - Yellowstone Park, Wyo .. Sa Ra PS . 19 24 | . . = 25 
emer see Ala ones ss evesenesees 21 : 22 10| n82e. 6 || Platte, Nebr. ..20. 0+: ates 14 a eS "neg "5 
Birmingham, Ala. 00.00.0000... si si at fe 22 & 22 Denver, Colo ~_— -| Ml Bl $) gisee; & 
Montgome Se ebebbpeeben inetes = 8 23 8| 8. 6e 91 || Pusble, Cele ............0.ccccccseess 27 | toms 6 
Meri 5 ee ee 34 16 = 11 Oe 15 Concordia, Kans PERERA PE AY se 24 23 | 14 8 | 
Meridian, Miss .........2..0.000-+0++. *| | 2%) 13| mabe 24 Dodge, Kans ....00000.00..0000000 | 2 ee ay 7 
New ar, Mi yeseecereessensee| = SAL] 13) n. 5. is Wichita, Kani v-s00esvs20000000000 3; 22| 26| w| Shh 
REE is 2 16 26 : . 56 0 aneeceseeoe seasvesecee 6 . 
surovepor {iT Gui States | is| 34 5| n.78e. 4 aap on ny ee 19) 2) 17 il) 8. Be. | Pr 
Benton rile, ae “ 5 n. 68e 28 Abilene, Tex ec ;| 2° 11 
Fort Smith, —*- chsdaanesaunel = 17 31 - 31 Amarillo Tex 18 - 8. 13 e. | 
Littl cninveaniratees - 14 "8 0) n.77e. ‘ 1 Rio 2; 28 at A 
Co e Rock, ae capopeagpaneganeee MT 11 81 7| a ise 22 Roswell, N. Mex 4 rf 10 oi =e | 18 
Corpus Christi, Tex.......-...00.0.0+. by 16 21 12/ n, 7e. - ” ‘Sout 17 il 19 4 es 9 
Galvesto ng AREOLA 24 18 32 16 n. 29 e. 2 El Paso, Tex 7 28 | 10 . 8. 74e. | B 
ok oo hhh Sta Gee? 3 19 25 3| n. Be. 10, Santa , gapaptemengeatap tener sate 17 +) oBe.) 12 
San Antens Sa ns a ee CT 24 16 31 7 n. 84 4 30)“ Flagstaff, Aris WTTTTTTITITT TT TTT 21 4) 33 10 
Taylor, Tex, a SAREE 26 13 = ‘ n. 78 ¢ 18 Phoenix, BeEntsressevesevescennevees 24 18 31 | 10 “ “ © 26 
peste hes SSRs . = os , RENE, BEB enoysssversenserseenees | 19 . 85 e. 21 
Chattanooga, Ten Tennessee, al 10 6 ; n, 66 € rH Independence, Cal................... 4 3 ; By 14 8. 77 | : 
+. S~yalhabhhittaataaes ‘ n, 2 e Middle Platea sent ee ne ee eeeenne 19 | § 19 24 : mad 18 
Me lnaiiiuncgacacuhesaiens 28 19 8 | Reno, N 27 15 | n. 45 w. 
pata Wen scmcos] §] 3] ml] Blass] & ot  Saataeeeaeas tS al ae ee bee 
abil Tease coceccccccse sas 2) .| Se 5 || TeReRae, BOF os -- wonesasereeneenees 4 
Louisville, » Ky-t Pr ielbigcanraeead fess 17 12 2 12 2. 49 - 19 | Modena, U BRO ob ns0: cent vocnetees A 36 28 ld te Pt 16 
Brana tngf 200000 2002 - 12 9 = n. 66 w. be a Lake City, Utah Fete ee eee ew wenee 8 ' - 17 - eS 31 
Svanavillé, Ind.f 2220000000000. 9 me Po Lg - Syomeguaamenpbennenten 9 . 52 e. 
Gace ate ren SO. ae a Bow, | Durango, C010 5-00... sate | 21 | 25 32) 8. 88 Ww. | ¥ 
seeees Soe : ‘ ; > n, 3 | goaded ‘ ~ 
oe a 16 3 17 14 > = > 4 Baker ono uu. 16 14 | 25 30 on. 51 w. | B. 
Parkersb Pa. SApequernenyyr? 16 23 bo 4% s.2Ww 11 | Boise, Id DOR cccecce osccecceces 14 21 n. 63 e, Pr 
Elkins, W. W. aconseet iy a 6) 23. 45 w. 19 || Kososate’ ns cceecenes | is] nl owl ie 
LO LEE ODT 23 21 8 35 on. 73 w. Ho Foestelle, a araphant etdaptet 0 iI 17 18 11 w. | 16 
ee 26 14 10 is on. 79 w. = amr re’rrersseesonsrss 10 19 18 ° ° 14 w. | 4 
2% n.5i w. Walla Walla, TN pcohscbetesbonehen 29 = | 28 16/8 & 2 | 25 
» ' diene ee 2 . 16 17 L-« 18 
6 3 > 29 n.72w ne — Head, — = | 13 mia B. ¥. | 14 
16 34 2 *6\a@ vy. 28 } ew Crescent, Wash.®................ 23 21 | w. | 40 
13 2 16 3 31 a 15 ttle, , Waste. ca egeeatebecen sped 10 9 | = 18 n. 27 e 
0 41 ’ 9 RT 28 | 1 | ° ° 2 
6; 2 (| @lemel & jane wan | Ss & 2; eee). -g 
15 32 : 3 8. 57 Ww. 40 Portland, Oreg........0...-0000s 16 . = 10) mise. 6 
B 12 3 se) a8 w. 7 Roseburg,Oreg ....... teseeesesecesees 26 18 4 10) 0.88 e. | > 
iiveueeetadaits 18 22 6 28 . S's. ig Burek dle Pacific Ooast Region. pies ” 12 12 4 n. 37 w. | 10 
Bekanaba r Laie Repo | 8] | ace) ae | Monat Semalpals, Cal.............. not Oe nw.) 19 
ikighhbes aides ‘ : . 25 luff, Ate 14 
Grand aba, Mich caeavacesheall 4 16 4 ———ooOme.. 4 19 12 > n. 29 w. | 12 
Grand Rapid: Mich. seeeee 22 19 33 on. 78 w mim... 28 11 n. 62 w. | 1S 
Grand Rapid, Mich eee oe! 19 21 p. 28 n. 82 oe. 4 | San Jose, Cal. \ are sccce ue 37 2 19 8. 39 Ww. | - 
Marquette, Mich .... rth nodded ro 22 11 = . 74 w. 7 at a) A SE caries inane 5 nt 15 4 “2 . e. | 28 
Port Hurot eens cee : 4 3 s Bw A osauabe w. 39 
Sault Sainte Marte, tales 21 19 * 8 n. Ste 13 Fresno, Cal Coast Region 14 6 son slecessss clon enscsens| 
Chicago, Ill.. —, Mich oo... ...0, 16 23 ; 29° 1. 84 w 4 | kes Anes ee erage estate Ap 17 6) aw. | ‘17 
Milwaukee, weet’ ha di aie eleetss Cte 22 3 é 83s. 76 Ww. > San Di Meese sees ce ceceeees, 17 9 0 
Grown Bag Wins oo22 2 OIIS | il gil ie 7| ae =o Luis # Obispo, em tamagiromedeet 21 Si fe eal. es 
on Bay, Wis......-.--eeaeeeeeeees 2 = mie | 7) West Indies w 
papesnstereees eseeseee 15 > 10 o\aBw. 15 San Juan, P — Indies 28 16 . 24) n.8lw 4 
a eo ee 21 14 11 22 a. 38 ‘ GS Recess be Rico ...... 11 n. 18 w 2 
13 33 “ 1 w. BL | esseeeeeetesenee eeseeeneees teeseeees 3 33 35 | 18 
‘ w. | 21 cisseseee stesuevananaraseesceseesutnen covenens cateeees 4 8 46 e 43 
a Neo RRO erent gato : 
observations at 8 p. m. only. —— | feos vee 
m observations at 8 a, m. only . 
* 








498 


TABLE IV.—Accumulated amounts of precipitation for each 5 minutes, for storms in which the rate of fall equaled or exceeded 0.25 in any 5 minutes, or 0.50 


Abilene, Tex.......---- 


Albany, N. Y 
Alpen 
Amarillo, Tex 


Anniston, Ala.......--. 
Asheville, N.C.......... 


Atlanta, Ga..... 
Atlantic City, 


Bal 


Charleston 
Charlotte, 
Chattan 


Chicago, I 


Cincinnati, Ohio......... 
Cleveland, Ohio.......... 
Columbia, Mo..........-. 
Columbia, 8. C..........- 
Columbus, Vhio.......... 


Concord, N. H 


Corpus Christi, Tex..... 
Davenport, lowa......... 
De! Rio, Tex.........-- 


Denver, Colo.... 
Des Moin 


Dodge, 


Dubuque, Iowa.......-.- 
th. Min i 


Eiking, W.Va... 71 


Dulu 
East 


Erie, 


Escanaba, id senknt 


Evansville, Ind 


Fort Smith, Ark......... 
Fort Worth, Tex........ 
Galveston, Tex.........- 
Grand Haven, Mich.... 
Grand Rapids, Mich .... 
Green Bay, Wis........- 
Hannibal, Mo........-- 


meresorara, ES. +--+ 
POTD. wc ee ewe 


Hartford, 
Hatte N.C 
Huron, 8. Dak 
Indianapolis, Ind 
lola, Kans 


Jacksonville, Fia........ 
Jupiter, Fla............ 
Di unbeaandécnesee 


Kansas City, Mo......... 


Keokuk, lowa 


Key West, Fla........... 
Saenvins, Seen «.. vaned 


Louisville, Ry.-.....- 


L burg, 
Mien a 


acon, - 
Madison, Wis..........- 
Marquette, Mich........ 


Memphis, Tenn ........ 
ae ie... 


Nashville, 


Peoria, Il 


Philadelphia, Pa........ 
Pittsbur, 
Portland, Me ... ....... 
Portland, Ureg.........- 


BE Mccccceccces 


| a re 
Augusta, Ga..........-- 
more, Md...........| 
Bentonville, Co Par 
Binghamton, N. Y....... 
Birmingham, Ala ....... 
Bismarck, N. Dak........ 
Block Island, R.I....... 


yO Onn seees: 


Cheyenne, Wyo ......-- 
ag 


lowa....... 


Estccnces« 
New Haven, Conn. ...... 
La, 


34 
27-28 


., 
= o-14 Soo 


8 
RuatalBee<ce 
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in 1 hour, during October, 1907, at all stations furnished with self-registering gages. 


Total duration. 


7:36 p.m. 
4:45 a. m. 
‘DN. a. m. 
“34 Pp m. 


6:30 a.m, 


12:05 p. m. 
4:51 p.m 
10:45 P nm. 
D.N. a.m. 
3:40 a.m. 


iis 


To— 


845 


12:20 


.) 11:48 


a.m. 
p. m. 


Total amount 


SSSSsserrss=S-SsSssSssse=-=-Nes=-S 


= 
— 


Sesssrssssr-s-s=-S 


= 


Sessscssrsrser-sss-sS 


of precipita- 


tion. 


49 


. 59 





Excessive rate. 


Began— 


"2-68 ‘a m. 
8:45 a. m. 
5:18 a. m. 





"2:22 a. 
7:51 a, 


8:38 p.m. 
» ™m. 


45: . 


- mi. 


Ended— 


p. 


Pp 
p. ™, 


7 p. 
p- 


m. 
m. 
m. 
m. 
.~™m, 


a. 


™m. 
m, 
m. 


™m. 
.~™, 


Amount before 


0 


excessive be- 
gan. 


-00 


53 


01 


. O1 


21 


O01 


51 


. 16 


ol 


5 


Depths of precipitation (in inches) during periods of time indicated. 


10 


min. min. 


0. 07 


15 


05 


.10 


16 . 


13 


17 0 


0.09 |... 


15 
min. 


GOP bevess 


0.35. 


0. 59 


0.40 


"0.63 | 0. 


25 80 35 
min. min. min. min. 


0. 66 


50 
min. 


40 45 
min. min. 





Ocroser, 1907 


100 
min. 


120 
min. 


60 
min. 
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TABLE IV.— Accumulated amounts of precipitation for each 5 minutes, etc.—Continued. 


+ zg 
a 
Total duration. 52 Excessive rate. = Depths of precipitation (in inches) during periods of time indicated. 
aS > 
Stations. “é | im ~ as | | | | | j | | 
* — j s } | | | | | | } 
s = 3.8 me _ 882 5 10 | 15 | 2 | 2% | 80 | 35 | 40 | 45 | 50 | 60 | 80 | 100 | 120 
é From To— £ SS Began Ended § *& min.| min. | min. | min. | min. | min, min. | min. | min. | min, | min. min, | min. | min, 
| | | | | | | | | 
Pueblo, Colo............. BOGE | cose ccsccsahecsccesicces BEE [swe ne 4s v0cs avnenn éqaenampeddes slveueadd sees cone [seccesivcces | secccleveeselecocooisoscsalsecces| GOD lectccclecctscledsces 
Raleigh, N. C........... fe See eae UE licnnecvncceeussene’ seakslacsete) MM lonbedcleetoanls qobnclesadd tincesndledeel cobatineterd lias idsesereses 
Richmond, Va.......... 27-28 SPD ic aiecscadmivesabicsAcatenekin 0. 65 , 
Rochester, N. Y......... © Litvactustccebiadssedeseces WUE icsene Ancuchecuacpuenenaeabbessedeeal shubeliandwhht seardisbichtl Muakebiaaceeaatie ll cae 0. 33 
Sacramento, Cal......... SF Prevcessnceceb> anccccocaas] MOU Tesduskivecsel snepacasmneleieenelcdvadslicnendleadaacti us dudes satiate oe eee oe 0. 29 
St. Louis, Mo ......... 3 8:05 a.m. 9:15 a.m, 0.68 8:08 a.m. 8:33 a.m. 0.01 0.19 0.24 0.29 O.51 0.66 gains 
St. Paul, Minn.......... DL. nai tdmipe ple bine eebeeen | OE Beara aE ie BET Or rT COE Fe) pon me Meee SAS Se Sl are 
Salt Lake City, Utah.... 1-2. ..... Of RRR RRC BEE SAGE ica 7] ere pete 
San poten, | eee 29 10:32 a.m 3:40 p.m.| 1.18 12:56 p.m 1:10 p.m. 0.04 0.23 0.47 0.54 “ane ee ere ee 
San Diego, Cal.......... RE Finks is cccedulevammpinecs SD fvconconessushineusavsescciececet) stsestoatnes|scbscel shee. |idenkel MEM tacos alcaead stiscen clients ssescshacduccleanacsiecseve 
Sandusky, qh eae 7) 5:05 p.m.) 7:55 p.m.! 1.27 5:12 p.m.| 6:10 p.m. 0.02 0.19 0.33 0.49 | 0.59 | 0.65 | 0.71 | 0.81 0.87 0.98 0.96 | 1.07 |............ 
San Francisco, Ca) ...... |S eee ec CED Pedéccntnsncalisendsannccelelestelscagesh cen sfececsaledede clveceeniasenasieacssaealohliescsce Ue Ab nbdhicleinad slintade 
Savannah, Ga. kbenoedes BPD capnesccncshesysedcneccel GHD Westacssvconl eaonddchoune (etihennasenmiesn sowésh é000- seineds eNeu a osedcelocunecte cscoutecumedl MEME Ie ebhnebeapeteleuseae 
Scranton, Pa ........... PUD Sinkus do tecesboovsaeakents Ge Je nsicevrsccesipanee nenssceleosss eleceanclaseans rons ois vnkt slecens el saugelewes. Eeosesdlosesshiecwana 2) eee ere Ranier 
SR cic sscanest SUID Losarcnensceddenansnccnsacl GUE Lace cecaneds RY SRNL APRA NMI Hoe RRR OP ais ths nousdbvavawil wien leanaell aecasinas eas 
Shesvapers, ~ 3 err = 6:30 p.m.; 8:50 a.m./ 1.95 | 8:22 p.m.| 8:30 p.m.| 0.11 | 0.82 | 0.50 |......]...cccleccccclecccccleccees rer ere snvoclens coche coewelsessoaieabes 
SPs oc cccccss| GOED Iscecccccesselssoncevesess SHEE lnddsuesndavel-sdikasesens (ies clnshene! Gh-58e)iwe on olusadatiekuanelsyede eseehel andy eleneketinaleos 0. 09 
Springfield, Tl.......... EP fnosepcctsciehbicosaveedes GOD fo snessecisas EO ee Pe ere pene SOE ieee once Gleesucdiosveveiicnanil Ge 
sungeee, Me. ik edd aban 7 11:10 a.m.) 11:55 a.m. 0.48 11:21 a.m.) 11:40 a.m. 0.02 0.17 0.26 0.39 | 0.44 |...... eases’ 
Syracuse, N. Y......... D irnadgdnceensieennsinurs OT RTE ee, ree! LE TE TCO POS Nee Seal See 0.22 
Tempe, Fis ececceccveces 8 1:35 p.m.) 2:25 p.m.) 0.58 | 1:38 p.m.) 1:48 p.m. 0.01 0,26 0.87 ..... Sones eheens dhesestelccvseulpscasaivedees ve nc alesececiecsseciocéonsinenses 
Taylor, Tex. ............ DD hveveccisceseisscecs mpceel BVOU beeen ceincchédutcienaksdieed suclogescchesccetichakes ceca elercecclessedsieccessh-coceaincaesefansens 0.61 
Thomasville, Ga......... Be Wee dsscccedsievienscewns ol MD akenendncdadhiiccdkenktadioasiaéli iowa tenbans MYER |- cuccnleconnsipenca clesvauslsaceadivesheteeetadel seeaul 4.4nbilhsacaesbin 
Toledo, a eessevvesss 7 2:32 p.m. 4:50 p.m. 1,16 2:53 p.m.| 3:38 p.m. 0.02 0.12 0.20 / 0.28 0.24 / 0.30 0.42 0.83 | 0.90 | 1.00 |......). 0... choc cc cleans 
Topeka, Kans........... WE hitntcserndned neuendsend BID tn.000006 0000 ake cgeavecseeslyendscle cscs alk cian dlekesrlaanuh ahvarehliebake x teebeielivaenall eee ee 
Valentine, Nebr........ BD lktctee etenslisceeextsss aes rae nee HEE sae inetelioenne ee ee 0. 16 
Vicksburg, oY. CE ss 2% | 6:30 p.m.| D.N.p.m.| 1.01 8:08 p.m.| 8:27 p.m.| 0.08 | 006 | G12 | 0.28 | O65 | 6.63 |...) .cccclecccccleccccclecccccleccccclecccccleccoccleccccs 
SE SOM sncccce) = PEL ancrescecesfrcssnrnuscee! MOD levccensesshulipendnecnasslsveesslodaupalessagetien sonlossanetountbalinesssliaecdisescicliaataaal a 
Wichita, Kans ei ekweees 3 1:03 a.m.) 3:00 p.m. 1.65) 1:18 a.m.) 1:36 a.m. 0.03 0.06 0.26 0.57 0.61 plein 
Wytheville, Va.......... SED fo cecdain odes shedads st onsnc) GAED ie saps aneunediedsceudesceslesedsalaeacectonwnedbigebistiosksacianuhs ChE docnce Locsdastnanes’ 
Yankton, 8. Dak........ | Ee Sef | RO aide RUvA) Anne hanscieheceaal ME hehe d aah seible isn hakuwkelessbe shack suclossaliacdkebabeenielebeded 
Gen Juan, P.B. ......... 22 | 12:28 p.m.| 1:48 p.m. | 0.98 | 12:48 p.m.| 1:20 p.m.| 0.02 0.81 | 0.69 0.75 0.80 | O85 0.91 0.94 |......)...ccclececcclecccccleccccsleccceslo...,, 
* Self-register not working. + No precipitation during the month. 
g & I I 
TABLE V.—Data furnished by the Canadian Meteorological Service, October, 1907. 
7 | 
Pressure, in inches. Temperature. Precipitation. | Pressure, in inches. Temperature. Precipitation. 
4 = = = : ; 
eS ic if efig|g e |. 3" (3% |g ‘ge |@|g ig |e 
; gs |gs /&. é./4| a é./3 _— gs jas /€. Sa ifins (a 
Stations. co iin rt oa | = ait ons. Se |Be 23 aiq 5 load ls 
ne |g £5 £5 3 = Eg io ee |e A Ee a = | Ee | o 
-$¢ Boe) SE Ss = = Se is ~<a |D2e/ 5 = E a 3 § 
ssf Sst Es . | pe! & s | & geEleSEL ES . | £8 ¢|® 
en g\e"s a a a sg = = Be e"s\e"s a | a s = = tei. 
Sef tet & S Es s = s = = Ssices i f € - g o a" 13 
SHS gH Gg 3s > 2s s S © S Sai aS8a | & @ Cy © > | Ss 
< Zz a = a = = = a os < F ae & = a mS & | 
Ins. Ins. Ins. ° e ° o° Ins. Ins. Ins Ins. Ins. | Ins. bd ° e ° Ins. Ins. Ins 
St. Johns, N. F.......-- 29.72 29.86 —.05 45.3 —0.1 51.6 38.9 12.01 +6. 66 Parry Sound, Ont..... 29.34 30.05 |+.04 42.2 —1.7 51.7 82.7 2.58 —1.34'1T 
Sydney, C. B. I........- 29.91 29.95 -O1 45.9 —0.6 52.9 38.9 7.14 +2,45 Port Arthur, Ont...... 29.33 30.04 +.06 39.4—0.5 48.6 30.1 247 —~0.09 1.4 
alifax, N. S.........-- 29.86 29.97 —.03 45.6 —1.6 53.0) 38.2 5.34 |—0.21 3.0 Winnipeg, Man....... | 29.20 30.05 |+.07 | 41.4 | — 2.3 58.0 29.8 | 0.40 —1.30)| T 
Grand Manan, N.B.... 29.90 29.95 —.05 46.7 — 0.2 53.0 40.4 5.09 +0.88 5.3  Minnedosa, Man ...... 28.19 30.04 |+.07 | 41.1 —3.3 52.9 29.2 0.36 —0.84 0.1 
Yarmouth, N.8......-.. 29.92 29.99 |—.03 45.6 —2.0 52.4 38.9 4.78 '+0.08 0.2) Regina, Sask.......... 4. ae be séess 42.6 + 3.2 | 58.3 27.0 0.08 —1.02 
Charlottetown, P. E.I.. 29.89 29.98 —.08 45.5 1.0 51.3 39.7 4.54 —0.36 | 3.4 | Medicine Hat, Alberta. 27.68 29.96 |—.01 | 51.8 + 7.0 | 66.1 37.6 0.00 |—0.58 
Chatham, N. B.........| 29.91 | 29.93 |—.08 | 43.8 0.8 63.2 34.3 3.78 —0.08 0.2 | Swift Current, Sask... 27.46 30.05 |+.08 | 46.3 + 4.2 61.6 31.0) 0,04 —0.84 
Father Point, Que...... 29. 89 | 29. 91 04 39.3 — 0.5 | 45.8 32.8 5.79 42.89 3.0 | Calgary, Alberta ...... 26.45 29.99 |+.04 48.0 + 7.9 62.3) 83.7 0.15 —0.33 
Quebec, Que.........--- 29.64 29.97 —.03 40.0 — 2.2 | 46.8) 33.2 5.32 42.17 2.3 Banff, Alberta......... 25.43 30.03 |+.08 | 44.6 + 5.3 | 56.7)| 32.5 0.96 —0.06 
Montreal, Que.......... 29.79 30.00 —.01 43.4 1.4 50.0 386.8 3.52 +0.39 T. Edmonton, Alberta.... 27.65 29.95 +.02 47.44 6.3) 60.3 846 0.19 —0.51 
Rockliffe, Ont. .........| 29.42 30,04 +.03 39.1 — 3.7, 48.2 30.1 1.68 —0.75 2.6 Prince Albert, Sask.... 28.36 29.93 —.04 42.1 /+ 5.0/| 54.9 29.2 0.56 —0,27 
Ottawa, Ont ...........- 29.74 5 08 +.07 | 42.8 10 50.3 35.4 3.05 +0.50, 4.3 Battleford, —< seeceee 28.22 29.97) .00 42.6/+ 38.0) 59.6 25.6 0.04 —0. 41 
Kingston, Ont.......... 29.74 30.06 +.03 44.8 —2.2/ 53.3 36.4 2.56 —0,17 ee eS Fe ee Re ee: a EER peter) TT 
Toronto, Ont Des aan 29.68 30.06 +.02 45.0 —1.6 53.6 36.3 1.97 —0.39 Victors BS... CORTE ATE MPRTIEE HEU RARE: PASE AE NEN Spree so Sa 
White River, Ont ...... PR He ere Rey, See 200 selec coseclusee shisacaes Barkerville, B.C....... eS Caan PE Sen 
Port Stanley, Ont ...... 29.45 30.10 +.05 44.9 2.9 53.9 36.0 3.48 40.45 Hamilton, Bermuda... 29.89 30.05 4.02 73.0 0.0, 78.0 68.0) 7.02 +0. 31 
cxenee i rer Penner! Senay: RRR ABMs ep! Hextrke > det AR 
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MONTHLY WEATHER REVIEW. Ocroser, 1907 


TABLE VI.— Heights of rivers referred to zeros of gages, October, 1907. 





P > o= . > 
S3 Hi Highest water. Lowest water. § = = § ; Highest water. Lowest water. % -¥ 
4. aq). gs, *& #46 
Gtetiene, : L a a Stations. Ss 5 a * = 
38 Height. | Da Heigh Da 3 oF gar 38 : oF 
~ eig te. eight. te. oa > 5 & Height. Date. Height. Date. Ss >: 
Yellowstone River. Miles. Feet. Feet. Feet. Feet. Feet. Ohio River—Cont’d. Miles. Feet. Feet. Feet. Feet. Feet. 
Billings, Mont............ 330 s 2.3 1,2 1.5 20-31 «1. 0.8 Padu rrr 47 40 8.6 1 8.8 31. 6.8 4.8 
. James Rwer. itis dnttnsesncess | 1 45 «161 12-4418) 9.9 31.144) 6.2 
Huron, 5. Dak. ........... 189 9|/— 0.1 1,14 — 0.3 27 —0.2, 02 Neosho River. 
: Republican . Bs Bence cSecccccccecs< 262 10 1.3 6|—1.3 1 —0.3 2.6 
Clay Center, Kans......... 42 18 11.0 4 5.0 13,14 5.8] 6.0 Oswego,Kans.. ........... 184 20 1.2 ot) 0.0 1,2 0.4 1.2 
Hill- Kansas River. Fort Gibson, Ind. T...... $3 2 10.0 7,8| 87 15,1831 89 1.3 
Abilene, Kans............. 254 22 6.8 5 0.0 17,18,24-31' 1.1 6.8 Canadian River. 
Manhattan, Kans......... 160 18 7.7 5 25 1 3.5 5.2) Calvin, Ind, T....... ore 99 10 7.0 5 2.4 24,25 3.0 4.6 
Topeka, Kans............- 87 21 9.5 6 5.2 i; 61; 48 Black River. 
Missouri River. Blackrock, Ark............. 67, 12 30 9| 28 242281' 24) 07 
Townsend, Mont........... 2, 504 11 4.7  7,10-12 45 1,23-31 46 0,2 River. 
Fort Benton, Mont. ....... 2, 285 12 24 p 0.7 $1 1.8 1.7) Calicorock, Ark ........... 272 is —0.1 8-10 — 0.6 22,23,28-31—0. 4 0.5 
Wolfpoint, Mont.......... | 1,952 17 —0O5 1,16-19 — 0.7 5-14,22-28 —0.6 0.2 Batesville, Ark............ 217 18 2.0 4 1.5 24-31 1.7 0.5 
Bismarck, N. Dak......... 1,309 14 3.0 1 1.9 18,19 2.2 1.1 Clarendon, Ark............ 75 30 8.1 9 7.3 29-31 | 7.7 0.8 
Pierre, S. Dak.............. 1,114 14 1.9 7,8 1.2 31 1.5 60.7 Ar River. 
Sioux he lows .........- 7384 17 6.9 10, 11 6.5 14-22,26-31 6.6 0.4 Wichita, Kans.. coves) 10 —0.7 5 1.6 1,2 |—1.2 0.9 
Blair, Nebr. .......... «++ 705 15 6.7 1,2,4 5.8 3006.2 )0«©0.9 + =Tulsa, Ind. T.. pat 551 16 3.6 9 23 1,2; 29 1.3 
Omaha, Nebr. .........--.- 669 18 8.7 1-8,5,12 7.7 : 8.2 1.0. Webbers Falls, Ind. T..... 465 23 4.4 il 2.4 15 3.2 2.0 
2 Joseph, Mo, pteeceesces = S - 5,6 + 20-25 1.6 1.7 Fort Smith, Ark woes) 22 4.3 9 1.2 7| 23 3.1 
ansas Mocsces esses ¥ 6,8 1 (28,24,27- 7.9, 24 § 2,3,26- ‘ i. 
Glasgow, Mo............... 231 18 6.8 10 1.9 25,29 5.7 1.9 Dardanelle, _ eee 26 21 8.5 a 6 23, 30% 62) 21 
Boonville, Mo. ............- 199 20 9.7 10 7.8 : 8&5 1.9 Little Rock, Ark.......... 176 23 1.4 13 2.2 29 «2.6 2.2 
Hermann, Mo. ........... 103 24 7.6 ll 5.9 30,31 6.6 7 Pine Bloff, Ark........... 121 25 6.8 14 4.5 31 5.3 23 
a River F Yazoo River. 
Mankato, Minn.. osecee, | 18 3.4 6,7 2.0 25-31 2.5 1.4 Greenwood, Miss ......... 175 38 3 il 1.7 29-31 2.4 2.2 
St.'Croiz River. Yazoo City, Miss.......... 80 25 0.4 15, 16 1.6 -7 —0.8 2.0 
Stillwater, a 23 11 7.5 1 3.6 90,31 49 3.9 Ouachita River. 
Litinois River. Camden, Ark.............. 304 39 8.3 3.3 5-7) 47 5.0 
La Salle, Ill. .........---+- 197 18 19,2 1 13.7 $1 | 16.0; 5.5 || Momrese, La ............... 122 40 4.9 18,19 2.7 31 3.5 2.2 
PUREE, BE <ecedecesccccces 135 14 14.1 8 10.7 31 12 3.4 Red River 
h River. PE, Miinavececcees << 515 28 21 9 6.6 5 11.0) 14 
Johnstow _ en 64 7 1.8 5,29 0.8 24-27 2} 1.0 Shreveport, Diitie sors 327 29 6 11 —1.8 $/| 27) 138. 
Alle y River. Alexandria, La............ 118 33 2. 14 1.6 2-7 5.3 10.9 
Warren, Pa..............-- 177 14 2.3 29, 30 0.1 4 13, 2.2 Bieler hat River 
Parker, Pa.........- 6. -6+> 73 20 4.0 6 0.5 1 21 3&5 Fort Riple inn.. ... 2,082 10 5.7 2 5.0 14,28 5.3 0.7 
Free re ‘ 29 20 7.4 6 6 27 #43 48) St. Paul, Mian... a 14 5.1 5 3.8 30-31 4.3 1.3 
heny River. Red Wing, Minn.. ... 1,914 14 5.5 1 22 29-31 3.3 3.3 
Confluence, Pa......... 9 10 2.0 29 2 24-27 0.7 1.8 Reeds Landing, Minn..... 1,884 12 5.2 1 21 30,31 3.4 3.1 
West Newton, Pa. 15 23 28 9,29 0.2 6,27 1.2 2.6 La Crosse, Wis... : 1,819 12 7.1 1 3.3 31 4.6 3.8 
, Prairie du Chien, ‘Wis... 1, 759 18 8.2 1,2 8.7 28-31 5.3 4.5 
Fairmont, W, Va. ......... 119 25 17.4 6 14.4 27 15.3 3.0 Dubuque, Iowa.......... . 1,699 15 8.9 4 3.9 31. «6.0 5.0 
Greensboro, Pa...........- 81 18 10.6 9 6.8 26,27 81 38) Leeiaire, Iowa............ 1, 609 10 6.1 5 2.4 30,31 41 3.7 
Lock No. 4, Pa............. 40 28 13.3 30 6.8 4,5 8.8 6.5 Davenport,Iowa........... 1,593 15 8.6 5, 6 3.6 31| 5.8 5.0 
ver. Muscatine, lowa .......... 1,562 16 9.9 6 44 31 6.8 5.5 
a pheneasbese 70 25 9.0 7, 31 7.9 23-27 8.3 1.1 Galland, Iowa............. 1,472 s 4.8 8 20 28-31 | 3.3 2.8 
Ms River. Keokuk, Iowa.. cccccce| 1,488 15 8.5 7,8 3.2 29-31 | 5.7 5.3 
Creston, W. Va. ..........- 38 20 5.4 6 4 3.1927 30 30 Warsaw, -. bencescced¥s evens 1, 458 18 11.4 8 6.2 31 | 8.6 5,2 
New-Great Kanawha River. Hannibal «eeees 1,402 13 9.8 9 4.0 30,31 6.5 5.8 
Hinton, W. Va............ 33' M4 30 10 13 26,27 1.7 1.7 Grafton, — esdobaaemaso 1,306 23 (1h 2} 7.0 098.1 4 
Charleston, W. Va......... 58 30 8.5 9 4.2 15 61 43. St. Louis, Mo...........+.. 1, 264 30 13.1 11,12 7.1 31 10.2 6.0 
CR, FEE cccscosccccccces 1, 189 30 10.5 13 6.0 31 | 8.4 4.5 
Columbus, Ohio... epeseces 110 17 3.0 4 1.9 | 2.3 1.1 New Madrid, Mo.. .. 1,008 34 13.2 13,14 8.4 31. «11.9 4.8 
River ane Ark botnenen 905 33 6.1 16-19 3.3 31 5.3 2.8 
. ‘ § 25-27; > ~« Memphis, enn . eece 843 33 11.1 15,16 7.3 31 «10.1 3.8 
Falmouth, eaee sees ers s; 80 4, 08) gos BE 25 Helena, Ark... 0.. -... 767) 42-143 AT | 10.2 31/122 4.1 
‘ P §7, 18-20, ? 4 Arkansas City, Ark........ 635 42 16.1 17,18 12.0 31 «14,9 4.1 
Beattyville, eo) 643 » OT Dog ke 95 42 Greenville, Miss........... 595) 42 126 18, 94 31/117, 3&2 
Frankfort, Ky............ 65 81 8.2 10 4.8 31 «(65.8 «3.4 Vicksburg, Miss.. --. 474 45 12.8 19 10. 0 $1 | 11. 2.8 
Wabash , Natchez, Miss.............. 873 46 14.4 20-22 12.2 5 | 13.9 2.2 
Mount Carmel, Iil......... 75 15 4.9 7,8 1.7 3,4 2.7 3.2 Baton Rouge edeaaas 240 35 8.7 20-24 6.7 5| 7.8 2.0 
Oumberiand River. Donaldsonsitie Real 188 28—té«S 22, «5.0 6-8| 3.7| 1.5 
Burnside, Ky. ............. 518 50 ) 9 0.0 31 (61.1) 66.5) = New Nohapete Le. peesnees 108 16 5.0 17,18,24-29 4.4 69 48 0.6 
26, 27 Ate a River. 
bs Tenn.. covees| 88) @) 66 i 1.2 ; oo-31¢ 24 54° simmesport, La. .......... 127/ 33 108 9; 64 &-7| &5| 4.4 
Soon. jeu 40 3.9 12 0.9 31 1.9 380 Melwille, La............... 103 31 15.0 17-19 10.5 7 | 12.8 4.5 
SE asinidectia 193 40 9.5 13 7.0 2%, 80) 25 ‘udson River 
Clarksville, Tens. be wecccece 126 43 6.3 1.5 2 37 «+448 + Troy, N. aw inenesee 154 14 9.4 31 3.3 27 9 6.1 
BE TE, Ge tngncecctccs: 147 12 8.5 30 2.4 19 42 6.1 
8 — al Seeseceees 156 20 0.5 9 —04 2% 0.0 09 Ve River. 
inton, Tenn ....... 52 25 5.0 10 2.9 27,28 37 #4=%21 Hancock(E. Branch),N. Y. 287 12 7.4 29 3.1 3 1.9 4.3 
South k Holston River Hancock (Ww, Branch },N. Y. 287 10 6.3 29 3.1 27; 4.2 3.2 
Bluff City, Tenn. .......... 35 12 2.0 5 0.9 26, 27 1.2 1.1 Port Jervis, N. Y.......... 215 14 4.8 29,30 0.6 27 1.7 4.2 
Holston River. Phillipsburg N.J 146 26 8.5 30 1.7 27 | 3.3 6.8 
Rogersville, Tenn. ......... 1030s si 29 6 1.6 2,27 2 1.3 = ee 2 8618 4.2 2 1.8 26,27; 27| 24 
Prench Broad River. North Branch hanna. 
Asheville, N.C............. 144 4|—asz 1 —06.7 23-27,29-31—0.5 0.5 Binghamton, N. Y......... 183 16 6.9 9 25 26,27 44 
Dandridge, Tenn.......... 46 12 2.1 5 0.5 21-27 0.8 1.6) Towanda, Pa.............. 139 16 5.3 10 1.2 123; 26 4.1 
Wilkes-Barre, Pa.......... 60 17 9.1 11 3.8 1,2) & 5.3 
Knoxville, Tenn. . 635 12 24 7 0.7 24-28 1.2 1.7 West Branch Susquehanna. 
Loudon, Tenn =ee 590 25 2.6 1 1.0 21-27 1.5 1.6 Williamsport, Pa.......... 39 20 3.2 30 0.9 26,27 1.7 2. 3 
Kingston, Tenn..... 556 25 28 1 1.4 2-24 18 i214 hanna River. 
D.. 452 33 5.6 1 2.0 21-2 29 36 Harrisburg, Pa............ 69 17 4.0 12 1.8 27 2.5 2.2 
Bri Bab ceccesées 402 24 3.5 1 0.6 27,2%' 1.6; 2.9 iver. 
Gun He, Ala. ......... 349 31 6.9 1 2.1 29 #36 48 Riverton, Va.............. 58 22 —0.4 1 1.6 29-31 —1.1 1.2 
Florence, Ala.............. 255 16 4.0 1 0.3 2331 #13 «3.7 River. 
Riverton, Ala.............. 225 26 7.0 1 1.6 29 32 654 Cumberland Md..........) 290 8 3.0 28 1.9 21-27 | 2.3 1.1 
Johnsonville, \ et 95 21 8.6 1 1.5 29,31 33 7.1 a met Bier W. Va...... 172 18 3.0 2|;—0.4 29-31 0.7 3.4 
Pittsburg, Pa.............. 966 22 7.0 6 3.1 14 5.8 39 ignaieere, ve ssccesl 18 2.0 1 0.9 26-31 | 1.3 1.1 
Dam No, 2, Pa............. 956 25 7.5 7, 11,30 2.1 27 4.4 5.4 Columbia, Va.............. 167 18 5.0 1 2.3 31 3.1 2.7 
Beaver eee 925 27 10.3 11 4.3 27,23 6.7 +60 Richmond, Va............ 111 10 0.7 1,2,12 0.3 22; 0.2 1.0 
Wheeling, W. Va.......... 8% 86 ti«SS 812 40 2328 62 5.8 River. 
Parkersburg, W.Va........ 785 36 10.2 ” 4.5 23 #69) 5.7. Clarksville, Va............ 196 12 0.1 1 — 0.5 14-17,20-24 —0.3 0.6 
Point Pleasant, W. Va. 708 39 12,7 10 a1 27,28 5.8 96) Weldon, N. C.............. 129 30 10.1 1-3 9.3 23,24 9.6 0.8 
Gutleticbeny, WE ceccees 660 50 16.9 10 6.0 28,29 92 109 Tar River. 
Catl Ky. 651 50 16.9 10 4.6 29 #80 12.83 Greenville, N.C. ......... 21 22 5.0 2 2.8 29,30 3.4 2.2 
Sertemeut, Ohis......... 612 50. 8 11 5.3 2 8&7 11.5 Cape Fear River. 
Maysville, Ky. oan. see 2 865.5 30 8.8 10.6 Fayetteville, N.C......... 112) 38 69 1; @7 2/149 62 
Cincionatl, o iio. . 49 «si 2 867.0 31106 10.2 Pades, River i 
Madison, Ind.............. 413 4) 47 13 6.4 31 9.6| 8&3) Cheraw,S C............. 149 7 4.9 i 1.2 27| 1.8 3.7 
Louisville, } —— wind aa in ee 13 3.5 31. 53 44) Smiths Milla C........ 81, 16 9.9 1 1.0 23,26,31 3.6 89 
Evaneville, Ind............ 184 85 11.8 16 5.5 310682 «6.3 Lynch Creek. 
Mount Vernon, Ind.. ..... 148 35 11.0 17 4.3 31.7.5) =66.7 Effingham, 8. C............ 35 12 5.3 2,3 2.9 22,23 | 3.6 2.4 
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Ocroser, 1907. 


Stations. 


Black River. 
Kingstree, 8. C. 


Catawba- Wa teree "River. 
Mount ~« y Pieters 


Catawba, 8 

Camden, 8. C... iia 
Congaree River. 

Columbia, 8. C. 


Savannah River. 
Calhoun Falls, 8. C........ 


Augusta, Ga.............. 
Oconee River. 
Bei, GB vesccsccccccess 
Ocmulgee River. 
BNO, Gi cscs ctacccccese 
Flint River. 
Montezuma, Ga........... 


Albany, Ga. ..............- 


Bainbridge, Ga. 
Chattahoochee River. 


West Point, Ga............ 


Eufaula, ae a 

Alaga, Ala........... 
Coosa River. 

Rome, Ga.. s 

Gadsden, Ala. . 

Lock No. 4, Ala.. 


Wetum ka, Ala..... wees 


Alabama River. 


Montgomery, Ala......... 
Bs BD ccc cctesccesces 


Black Warrior River. 


Columbus, Miss .......... 
Demopolis, Ala............ 


67—_9 


mouth of 


Distance to 
river. 


Miles. 
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37 
52 
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Lowest water. 


Height. 


Feet. 
0. 
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Mean stage. 
Monthly 
range. 
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Stations. 


Pascagoula River. 


Merrill, Miss. . 
"Pearl River. 


Columbia, Miss............ 


Sabine River. 


Logansport, La............ 


Neches River. 


Beaumont, Tex............ 


Trinity River. 


PU Bisa cnacesndenass 


Waco, Tex... 


Hempstead, Miadvndescnd 


eR, THR 6 ds cess ccceses 
Columbus, Tex............ 


Rw Grande, 
San Marcial, N. Mex.. 
El Paso, Tex. 


Red River of the Novi 


Moorhead, Minn. 
Snake River. 


Lewiston, Idaho .......... 


Columbia River. 


Wenatchee, Wash ......... 


Umatilla, Oreg ............ 
The Dalles, Oreg........... 
Wi tte River. 


Albany, Oreg.. 


Portland, Oreg... .. pesiacoece 
Sacramento River. 

Red Bluff, Cal.............. 

Sacramento, Cal............ 


¢ 3 days missing. 


mouth of | 
river. 


Flood s 
ga 


Distance to 


TABLE VI.—Heights of rivers referred to zeros of gages—Continued. 


og Highest water. 


Feet. 
20. 


14 
25 
10 
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35 | 
25 

22 | 
40 | 
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502 MONTHLY WEATHER REVIEW. Ocroser, 1907 


Honolulu, T. H., latitude 21° 19 north, longitude 157° 30° west; barometer above sea, 38 feet; gravity correction, —0.057 inch, applied. October, 1907. 





| Pressure.* Air temperature. | Moisture. Wind. oe Clouds. P 
8 a. m. 8p. m. 8a. m 8 p. m. 8a. m. 8 p. m. 
Day. : ee 
a " . . : 
5 | 5 ee cP) 8 ¢/ 8 (fs : gs | ¢ $ 
: : : a 3 ss sc 3 = 3 = ; : . 3 e ‘. Pe} 
/ , ye Te ei alialialdale lal z 3 s;e eis ¢ z 1s z 
4 aiei/a/a/8/i3 |s8is gs) & 3 a eiai\aia s & 8 E a 
al oa x ea A a 4 «a > a a > a - wo C-) < td =) < =) a 
1. 30.06 40.00 79.0/75.2 82 78 683) 58 (980! 69 e. 5 e. 7/ 0.00 0.00 1 | Cu. e 0 0 0 
2.. 30.00 | 29.95 79.2 75.0) 84 7169.5; 61/70.0 78) ne. 4) ne. 3 0.00 | 0.00 1 | Cu. ‘ 1| A.-s. 0 
3... 29.94 29.93 78.0 75.0) 88 71 705; 69/690 74) ne. 3 Ww. 3 0.00 0.00 4/ Cu ‘ 0 0 0 
relent he 29.93 | 29.96 79.0| 780; 84 70 702; 65/|71.0| 71| se, 6 e@ 40.00 0.00 Few Cu ‘ 8. sw. 
5. 0.02 30.01 78951760) 88 74 69.0) 62 68.0 66) ne. 8 ne. 9 0.00 0.00 ; — ~ { 0 0 0 
6.. 30.04/ 90.01 77.2 76.5) S1| 75 67.7; 61/690! 68| ne 4 ne. 20 | 0.00 | 0.00 7 | Cu. e. 48. ne. 
?.. 29.99 29.95 78.7 76.5, 88| 75/680) 55/690 68/e. 8 e. 14 0.01 | 0.00 4 | Cu. e. 1 Cu. e. 
ks ae 29.99 29.95 | 80.0| 75.5) 88! 74. 69.0 7\69.0 72) ne. 5 | ne. 14 0.00 | 0.00 1/ eu. e. 0 0 0 
9. 29.98 29.96/79.0/75.7 84 72 69.5! 62/692 72) ne. lie 5 0.00 0.00) Few Cu. e. 0 0 0 
10 29.98 29.94/74.0/73.0 79 70 71.0) 861690 &/e 1 | ne. 4 0.05 | 0.25 9 | N, e. Few | Cu. ne. 
11. 29.94 29.921 78.0'740) 80) 70 71.0) 71/700 > 82) « 2/ ne. 3 0.00 0.00 Few! Cu 0 0 0 0 
12 29.92 29.90/76.8/755) 84| 72/720] 79| 71.5) 82) w 4 | ne. 3 0.00 0.00 Few Cu ‘ 0 0 0 
13. 29.91 29.88 79.3 76.0 82> 78/720| 70/720) 82) se 3 2 2.0.00 6.00) 7) A-cu. | w, ; Tt = 
ee 29.87 | 29.86 / 81.5/'760, 88| 74/730) 67/|73.0| 87/e. 1 | ne. 5 | 0.00 0.00 4| Ci.-cu. | w. 9 Cu. ne. 
15. .ccccccceee] 290) 29.90/79.0/77.0| 84! 72/720) 71/710) 74) « 1 | ne 10 | 0.00 0.00 ; : — : é 1) A-s. aw. 
16. .- 296 29.95 75.0 75.0 x0 7i 70.0 7 67.0 66 one. 6 nm 9 0.03 0.00 8 | S.-cu. ne Few Cu. n 
7 - ~.-| 2.98 29.99 76.0 75.0 80 73 «466.2 60 66.0 62 ne. 15 ne. 12 6.00 0.00 1) Cu. t 8 Cu. ne, 
18 ...cccccceee.) 90.08! 20,081 745/750 79! 72/ 67.0! 68/66.0| 62) ne. 13 | ne. 12 0.00 | 0.00 ; a is t 6 Cu. ne 
19 ....ccececeee| 30.04!| 90.02/ 76.2/ 76.0 80) 74/642] 51/680) 66/ ne. 13 | ne. 4 0.00 0.00 1 | Ci.-s. ? 7/ Cu ne 
20 .......e.ee.| 30.08! 90,05/ 768/760 81 74) 66, 5668.0) 66 e. 8 e. 12 0.00 0.00 ; sia” * ts cu ne 
hall aR . 80.06 3.05 76.0 76.0 81 74 | 67.2 63 «67.0 62 e. Tie. 8 0.0 0.00 8 S.-cu. e. 7\Cu ‘ 
2 30.04 30.02 76.3 72.0 81 72 | 67.0 69 | 69.0 86 one 6 |< 6 0.00 0.01 ; i aoe. 0 9 N. ¢ 
7 S.-cu,. e, 5 
28 oo oecccc cece.) 90.02 | 90.02 752/750 82 72 68.0) 69° 69.0 74/ ne 6 | ne. sjeal tr 8 Sia it ; 5 Cu ‘ 
ee 30.01 | 30.01 77.2) 74.0 84) 70/682) 63/69.0| 78/.e. 9 | ne 8 0.01 | 0.00 2) Cu. e. 9 8 ne 
P ‘ ‘ ° * . » - ale 7 e § 7 S.-cn, e. 2 S.-cu n. 
v5) d 30. 03 30.02 74.0 74 82 70 70.0 82 68.0 72) on. 3 in 6 6014 0.0 ) i Cu.-n. 0 1 Ca.-2 ne. 
6 90.04 90.02 78.0 75.0 81 72 68.6 62 | 68.0 70 ne. 4 | ne. 6 0.00 0.02 6 Cu he. ; ; = - 
27. 30. 05 90.05 76.0 75.5 80 70 «(68.0 66 «69.0 72° ne. 9 ne. Ss 0.065 J 5 Cu. e 9 N ‘ | 
28. aa 30. 08 30.06 75.2 76.0 79 72 «467.0 65 68.5 68 ne, 9 ne. 9 601 0.00 2 Cu. ne. 1 Ss. ne 
2 o..eecceceees) 9010) 90.07/77.5/ 75.5 80 74/680) 62/680, 68) ne. Bie. 10 0.00/00 5 Cu. e. $ fia ae 
a0 90.08 30.05 78.0750 81 72 67.2 57/690 74 @, 8 |e. 7 000 00 5 $ Ff ° { ws 
i 30.06 90.94 75.5 73.2 78 7174.0) 98 /69.5 88) e. 14 | ne. 10 0.35 0.09 ; 4 — é 8 N, ne. 
Mean... 80.004 20.986 77.2 75.3 81.5 72.3 69.0 66.4 69,0 72.8 ne. 6.2 | ne. 7.7 0.66 0.37 7.8 Cu. e. 4.0 Cu, ne. 


and 8 p. m., local standard time, which is that of 157° 30’ west, and is 5 and 30@ slower than 75th meridian time. *Pressure values are 


Observations are made at 8 a.m. 
reduced to sea level and standard gravity. 
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